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1 . 0  PROJECT DESCRIPTION 0 
This work plan describes the requirements and procedures for 
conducting a treatability study to develop chemical stabilization 
and solidification (CSS) formulations for several waste sources at 
the Rocky Flats Plant. This work is being conducted in support of 
the Solar Ponds/Pondcrete/Saltcrete Waste Processing project being 
conducted by HALLIBURTON NUS Environmental Corporation. The waste 
sources of concern, and that are to be included in the treatability 
study, are as follows: 

0 Solar Pond 207A sludge 
a Solar Pond 207B (north, center, and south) sludge 
a Solar Pond 207C sludge and.water 
a Clarifier sludge and water 
a Pondcrete triwalls 
a Pondcrete triwalls in metal containers 
0 Saltcrete triwalls 
a Saltcrete triwalls in metal containers 
0 Saltcrete in half-crates 

The following sections contain the site history, project purpose 
and description, and scope of work for the treatability study. 

1.1 Site Historv and Descrintion 

During construction of the Rocky Flats Plant, a clay-lined solar 
evaporation pond was installed. The pond was designed for the 
impoundment of aqueous waste products discharged from the Process 
Waste Treatment Plant. The waste contained high levels of chemical 
contaminants, such as fluoride, nitrates, and various metallic 
ions. As a result of changing plant operations and environmental 
requirements, additional evaporation ponds were constructed. On 
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occasion these ponds were used for the disposal of untreated waste 
products, such as metallic lithium, acids, sewage sludge, plating 
residues, and several other wastes associated with operations at 
the Rocky Flats Plant. 

Five solar evaporation ponds, designated ponds 207A, 207B (north, 
center, and south), and 207C, are located in the northeast corner 
of the plant as shown in Figure 1-1. The solar ponds were 
constructed to store and evaporate much of the process wastewater 
generated at the plant. The five ponds are currently being closed 
under RCRA. 

Pondcrete was generated during solidification of pond sludge from 
Solar Pond 207A. Saltcrete was produced by the solidification of 
evaporator bottoms generated during routine wastewater treatment 
operations. 

The clarifier contains approximately 25,000 gallons of water and 
sludge. This material originated from Pond 207A during the 
original pondcrete solidification project. 

The wastes contained in the ponds, clarifier, pondcrete and 
saltcrete, are classified as hazardous mixed waste. EPA Hazardous 
Waste Numbers associated with the pond wastes, clarifier sludge, 
and pondcrete are F001, F002, F003, F005, F006, F 0 0 7 ,  F009, and 
D006. EPA Hazardous Waste Numbers associated with the saltcrete 
are F001, F 0 0 2 ,  F003, F005, F006, F007, and F009. 

Waste characterization studies were used to determine the chemical 
composition of all of the above waste forms. 
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1.1.1 Pond 207A 

Pond 207A covers approximately 2.7 acres. Studies are underway to 
define the volume of, and to characterize, the wastes contained in 
the pond. The pond contents have been classified as hazardous 
mixed waste. Constituents of concern based on previous analyses 
performed by Weston include cadmium, chromium, lead, mercury, and 
nickel. These metals may be present at levels that could cause EPA 
Land Disposal Restriction (LDR) treatment standards to be exceeded. 
Pond 207A sludge also contain percent levels of aluminum ( 3  to 4 
percent), calcium (7 to 8 percent) , iron (1 to 2 percent) , 
potassium (1 to 2 percent) , magnesium (1 to 2 percent) , and sodium 
(2 to 3 percent). The pond sludge contains approximately 11 
percent solids. No organic compounds were found above the 
detection limit in previous Weston analyses. 

1.1.2 Ponds 207B North, Central, and South 

Each of these ponds covers approximately 0.98 acres. Studies are 
underway to define the volume of, and to characterize, the wastes 
contained in the ponds. Pond 207B-North also contains contaminated 
groundwater from the nearby, underlying french drain collection 
system. Constituents of concern based on previous analyses 
performed by Weston include cadmium, chromium, lead, mercury, and 
silver. These metals may be present at levels that could cause EPA 
Land Disposal Restriction (LDR) treatment standards to be exceeded. 
Pond sludges also contain percent levels of calcium (7 to 26 
percent), chloride (e1 to 2 percent), magnesium (e1 to 2 percent), 
nitrate (e1 to 2 percent), and sodium ( 2  to 3 percent). The solids 
content of the sludges in these ponds range from less than 10 
percent to more that 20 percent. Low concentrations (less than 1 
ppm) of organics were detected during previous Weston analyses. 
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_ -  1.1.3 Pond 207C 
i ‘\I 

Pond 207C covers approximately 0.87 acres. Studies are underway to 
define the volume of, and to characterize, the wastes contained in 
the pond. The contents of the pond are classified as hazardous 
mixed waste and contain saturated salt concentrations. 
Constituents of concern based on previous analyses performed by 
Weston include cadmium, chromium, and silver. These metals may be 
present at levels that could cause EPA Land Disposal Restriction 
(LDR) treatment standards to be exceeded. Water and sludge in this 
pond also contain high concentrations (approximately 10 percent) of 
nitrates and other salts that may adversely affect solidification. 
Other constituents detected at high concentrations include 
potassium, sodium, and sulfate. There is a crust near the bottom 
of this pond that contains salt crystals. A silty sludge layer is 
present beneath the crust. An accurate solids content of the 
sludge is not available. Low concentrations (less that 1 ppm) of 
organics were detected during previous Weston analyses. 

1.1.4 Clarifier 

The clarifier tank is located between Pond 207A and Pond 207C. The 
clarifier tank contains approximately 25,000 gallons of sludge and 
water derived from Pond 207A when the pond was being treated to 
generate pondcrete. Studies are currently underway to further 
refine the volume of, and to characterize, the waste contained in 
the clarifier. Limited previous analyses are available for 
clarifier wastes, but the chemical characteristics are expected to 
be similar to Pond 207A sludge. 

1.1.5 Pondcrete 

There are approximately 8,000 blocks of pondcrete waste that do not 
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meet Nevada Test Site (NTS) waste acceptance criteria. These 
blocks were made by mixing Pond 207A sludge with portland cement. 
The pondcrete blocks are packaged in three-piece, heavy cardboard 
containers (triwalls) that have been banded for additional 
strength. The blocks weigh between 900 and 1,300 pounds. The 
majority are on wooden pallets. Free liquids have been observed 
for some of the existing triwall containers which resulted in the 
containers having been placed within larger sealed metal 
containers. 

i ’) 

1 . 1 . 6  Saltcrete 

There are approximately 2,500 saltcrete blocks that are packaged in 
triwalls that have been banded for reinforcement. The weight of 
each block is approximately 1,400 to -1,500 pounds. The majority 
are on wooden pallets. Some of the existing triwall containers 
have suffered weather decomposition or physical damage and have 
been placed within larger sealed metal containers. Additionally, 
saltcrete has been placed in half-crates which are approximately 2 
x 4 x 7 foot wooden crates. 

I 

Large quantities of nitric acid used in the chemical processing 
operations at the plant produce a waste stream containing a high 
concentration of nitrate compounds. The waste stream is treated 
using precipitation, clarification, and evaporation. The effluent 
from the evaporator has ranged over the years from a 55 percent to 
a 35 percent (by weight) nitrate salt solution that is fed into a 
spray dryer and the dried salt is mixed with portland cement to 
produce the saltcrete waste form. Most of the constituents of the 
spray dryer are very soluble in water and are susceptible to water 
leaching and transport. 
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- The triwalls contain a waste loading of 50 to 55 percent by weight 
( '1 and half-crates primarily contain a waste loading of 3 3  to 35 

The metal containers store triwalls that have percent by weight. 
been damaged. 

1.2 Project Purpose and Description 

The purpose of this treatability study is to test and evaluate 
various CSS formulations for the subject wastes. Candidate 
formulations will be selected that will be used to process the 
subject waste sources into final waste forms that meet all 
requirements currently in effect. These include requirements of 
U.S. Environmental Protection Agency (EPA) Region VIII, the 
Colorado Department of Health, U . S .  Department of Transportation 
(DOT), and the Nevada Test Site (NTS), which is the facility that 
will dispose of the treated wastes. The final waste form must be 
certifiable and acceptable for storage, transportation, and land 
disposal. 

The performance standards for the final solidified/stabilized waste 
form products, as defined in the overall project Scope of Work 
(Appendix 7), are as follows: 

0 Chemically and physically stable as defined by NVO-325, 
October 1988. 

0 A solid (no free liquids) as defined by NVO-325, October 
1988, Section 2.2.2-D; DOT regulations in 49 CFR 173; EPA 
Test Method 9095 (EPA-246); and ASTM Method D4359-90. 

e Transportable in interstate commerce as defined by DOT 
regulations in 4 9  CFR 173 and EPA regulations in 40 CFR 
263. 
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0 Within radioactive limits as defined by NVO-325, October 
1988, Section 2.1.1-D and DOT Regulations in 49 CFR 173, 
Subpart I (173.400). 

0 Certifiable as a waste as defined by (1) the Rocky Flats 
Quality Assurance Manual, Low Level Waste Management 
Plan, 1-10000 EWQM, Section 1.1, RFP Procedures and ( 2 )  

NVO-325, October 1988. 

The specific final requirements and confirmatory test/inspection 
procedures for the final waste form product will be established 
during the development of the Process Control Plan (which is not 
within the scope of this treatability study). 

NVO-325, Section 2.2.1-F contains the following language concerning 
waste stability requirements. Where practical, waste shall be 
treated to reduce volume and provide a more physically and 
chemically stable waste form. If necessary, the waste shall be 
treated to assure that significant quantities of harmful gases, 
vapors, or liquids are not generated. Wastes shall not 
significantly react with packaging during normal storage, shipping, 
and handling times." By the nature of the proposed treatment 
(solidification), it will not be possible to reduce waste volume; 
however, the intent of treatment will be to produce a stable final 
waste form. 

NTS waste form criteria for mixed waste disposal are contained in 
NVO-325, Section 2.2 and are summarized as follows: 

e There must be no free l iquids as determined by EPA Method 
9095 [40 CFR 264.314(c)]. 

Deliverable (Combined) 231A, 2316, 231C, 231E 
Treatability Study Uork Plan - Rev. 1 
(December 1992) 

1-8 



0 Mixed waste that is prohibited from land disposal will 
not be accepted unless treated as specified in 40 CFR 
268, Subpart D (Treatment Standards). 

NTS waste package criteria are contained in NVO-325, Section 2.1 
and are summarized as follows: 

e The waste package must be in accordance with all 
applicable DOT regulations. 

e The waste package must have an external radiation level 
of s200 mrem/hr on contact. 

e The waste package strength must be able to support 4,000 
lb/ft2 (28 psi). 

e The weight limit for each package is 9,000 pounds, unless 
special arrangements are made. 

During the treatability study, numerous tests and analyses will be 
performed on treated waste forms at various phases of the study to 
verify compliance with final waste form criteria. 

Unconfined compressive strength (UCS) tests will be conducted, and 
the results will be used as a screening tool for comparing the 
success of various formulations. 

The RCRA Land Disposal Restriction (LDR) treatment standards for 
the EPA Hazardous Waste Numbers associated with these wastes 
included treatment standards for metals, cyanide, and organics (see 
Table 1-11. Based on previous waste characterization efforts, the 
concentrations of cyanide and organics detected are not expected to 
exceed the LDR treatment standards. This will be confirmed during 
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TABLE - 1-1 
LDR TREA- ST- - #IDCRETE/SALTERRE 

UOIXY F U T S  

REWLATB) WAuwKXls WNSTlTuulT 

1,1,2-Trichloro-1,2,2- 
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TABLE - 1-1 
mR TREAMYT SlAmMDs - PoKu=lwsALTcwETE 
ROCKY FLATS 
PAGE 2 OF 11 

LOR TREATlEwT STAlOARD <-nnTERs)(1’ 

REGULATED mSTITUEYT F001-Foa3, F005 FOW, F007, F009 m ( 2 )  

Nickel NA 0.32 mg/LC4) NA 

v Si lwr NA 0.072 mg/L(4) NA . 

( 1 )  Uasteuaters are defined by 40 CFR 268.2(f) as wastes that contain less than 1% TOC and 1% TSS 
weight. Also, for F001-FO05 solvent mixtures, wastewaters nust contain less than 1%  total FOO1- 
FOOS solvents, by wight. 

by 

(2) Applies only to pondcrete. 

(3) Concentration in waste (CCU). 

(4) Concentration in waste extract (CCVE). 

(5) Specified treatment technology. 

LOR - 
NA - Not applicable. 

Land Disposal Restrictions, 40 CFR Part 268. 
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the waste characterization currently underway. During certain 
phases of the treatability studies for the various waste forms, 
treated wastes will be leached using the Toxicity Characteristic 
Leaching Procedure (TCLP) method and analyzed for metals. During 
final testing, compliance with all applicable LDR treatment 
standards will be verified, including cyanide and organics if 
required. However, for costing purposes, it has been assumed that 
neither cyanide nor the organics of concern will be detected at 
sufficient concentrations in the raw waste forms, such that further 
testing for these compounds in the stabilized waste forms will not 
be required. 

- 
i >  

During the final phases of testing, treated wastes will be tested 
by the Paint Filter Liquid Test (EPA Method 9095 in SW-846) to 
verify that there are no free liquids; however, the presence of 
free liquids is not expected to be a problem because of the nature 
of the treatment process. Also, the treated wastes will be tested 
by the Liquid/Solid Test (ASTM D4359-90, determining whether a 
material is a liquid or a solid) for compliance with DOT 
regulations. 

Treated wastes will be tested for durability and stability using 
wetldry and freeze/thaw resistance tests. For Pond 207C waste and 
saltcrete, this is especially important because, historically, the 
saltcrete has been subject to weather decomposition. It is 
suspected that salt crystals grew in the saltcrete waste form, 
causing it to effloresce', expand and fail. 

These durability tests are currently included within the 
treatability study work plan since the NTS is currently not capable 
of receiving waste and no alternate location has been selected. 

1.3 Scope of Work 

Treatability studies will be performed at the HALLIBURTON NUS 
Laboratory in Pittsburgh, Pennsylvania. This laboratory is 
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licensed (NRC License No. 37-17937-03) to handle radioactive 
material and has the facilities and personnel required to perform 
the scope of work outlined herein. 

1.3.1 Goals and Objectives 

The goals of these treatability studies (for pond sludge, 
pondcrete, saltcrete, and clarifier sludge) are to develop process 
design parameters for pre-processing waste sources and to develop 
chemical solidification and stabilization formulations for each 
waste source. CSS formulations will be developed for the following 
waste forms: 

0 Pond 207A sludge 
0 Pond 207B sludges 
0 Clarifier sludge and water 
0 Pond 207C slurry (sludge and water mixed) 
0 Pondcre te 

- Triwall s 
- Triwalls in metal containers 

0 Saltcrete 
- Triwal Is 
- Half-crates 
- Triwalls in metal containers 

Prior to the beginning of full-scale treatment, E G G  has stated 
that they will evaporate as much water as possible from Pond 207A 
and from one of the three 207B-series ponds. The pond water will 
be stored in the other two ponds. The sludge will be sized to 10 
mesh during the consolidation process. As part of this 
preprocessing, the existing clarifier and other sizing and 
screening equipment will be used to separate pond sludge and water. 
Sludge that is present in the existing clarifier will be removed by 
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EGM: and placed into drums so that the clarifier can be repaired. 
’ \  

I ,  

As part of the treatability study, the gravity settling 
characteristics of 207A and 2 0 7 B  pond sludges will be evaluated. 
This information is needed to determine whether the existing 
clarifier is adequate and whether an additional or. different 
clarifier is needed for pre-processing pond sludge during 
consolidation activities. Bulk settling rate tests will be 
conducted to determine the bulk rise rate of sludge and the 
required clarification overflow rate. Jar tests will a l s o  be 
conducted to evaluate the need for coagulant addition and the 
optimum coagulant dosage(s). 

In the full scale treatment, pondcrete and saltcrete will be 
slurried for treatment and trash extrusion, sized and ground to 10 
mesh, and mechanically dewatered prior to the addition of CSS 

binders and admixtures. The trash (wooden pallets, cardboard and 
plastic) will be ground to 10 mesh and will be incorporated at 8% 
of the mixture (4% - 5% of the final product). Pond sludge will be 
sized and ground to 10 mesh and mechanically dewatered prior to the 
addition of CSS binders and admixtures. Dewatering tests will be 
conducted on each waste form to determine the necessary design 
parameters and the achievable cake solids. 

The CSS formulation portion of the treatability study will 
constitute the majority of the laboratory work. The objectives of 
these studies and experiments include the following: 

0 Determine critical physical variables that affect CSS 
formulations and performance. 

0 Determine the optimum ratios for waste form to binder(s) 
to admixture (s) to achieve acceptable physical 
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characteristics and chemical leachability criteria for 
each waste form. 

0 Develop the statistical basis for optimum formulation 
application. 

0 Evaluate long-term storage characteristics (durability) 
of the final treated waste forms. 

A multilevel factorial experiment design will be used to evaluate 
the interaction of parameters such as the following: 

0 Binders (e.g., portland cement, fly ash, lime). 

0 Additives/admixtures (e.g., latex, silica, plastic 
fibers). 

0 Water content. 

Because of the number of variables that affect the development of 
successful CSS formulations (recipes), factorial experimental 
designs will be required during recipe development. Measured 
responses will be evaluated as a function of the variable to 
determine optimum responses and key variable interactions. 

Factorial experiments are characterized in that the effect of 
changes on one variable can be assessed independently of the other 
variables. The factorial experiment is accomplished by using, as 
the design, each of the possible combinations of the levels 
(concentrations) of each factor (parameter or variable). In a 
factorial experiment, all factors may be varied simultaneously. 
The factorial approach allows the assessment of the interaction of 
two or more variables. 

Deliverable (Combined) 231A. 2318, 231C, 231E 
Treatability Study Uork Plan - Rev. 1 
(December 1992) 

1-15 



\ 
The general concept used for developing process formulations for 
the various waste forms follows a progression from screening 
binder/waste formulations through a more comprehensive evaluation 
of variables and additives to regulatory compliance testing of 
candidate formulations that passed all of the previous evaluation 
criteria. 

I 

The screening tests will use an accelerated curing procedure where 
various ratios of waste, binder, additives, and water are prepared 
and cured at elevated temperatures for 48 hours. Formulations that 
do not develop sufficient strength, contain excess water, or fail 
assigned acceptance criteria will be eliminated from further 
consideration. 

The accelerated curing procedure provides an indication of the 
potential strength and durability of solidified waste. It is used 
as an indicator of the probability that the desired compressive 
strength and durability can be obtained by use of a particular CSS 
formulation. This procedure is used to save time relative to 
allowing the test specimens to cure for the conventional 28-day 
period. 

Accelerated curing tests will be used for all phases of the 
treatability studies except for the regulatory compliance testing. 
A modified version of ASTM Method C684-89 (Procedure A - Warm Water 
Method) will be used for accelerated curing of test specimens (see 
Section 7.0 for additional details). The ASTM method will be 
modified to allow for a 48-hour cure rather than the 24-hour cure 
specified in the method. The size of the test specimen molds to be 
used will also vary from the ASTM method. After curing, products 
will be tested for UCS using ASTM Method ASTM D4289-83. TCLP 
extraction and metals analysis will also be conducted on some 
specimens. The freeze/thaw (ASTM D560-89) and wet/dry (ASTM 
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D559-89) durability test procedures will be modified to enable the 
testing to be completed prior to the start of the final phase. The 

control cylinder (i.e., volume and moisture loss specimen) will be 
omitted; thus, only one cylinder (i.e., weight loss specimen) will 
be submitted for each test. The dimension measurements and the 
weighing of the cylinders are to be omitted. Brushing of the 
cylinders shall be done as specified in the methods. The freeze/ 
thaw procedure will be accelerated by reducing the time of freezing 
from 24 hours/cycle to 12 hours/cycle. The wet/dry procedure will 
be accelerated by decreasing the drying period from 42 hours to 19 
hours and the time of submergence from 5 hours to 4 hours. Using 
these accelerated methods, testing will be completed in time to 
incorporate the results in the final phase. 

1 

The test results from the specimens cured by the accelerated method 
will allow for rapid assessment of the variability of various CSS 
formulations. Tests performed on specimens subjected to 
accelerated curing will be used as a screening tool to determine 
whether specific CSS formulations should be subjected to additional 
testing or screened from further evaluation. 

Final testing to determine compliance with regulatory and disposal 
site requirements and to determine long-term durability will be 
performed on specimens that have been allowed to cure using the 
conventional 28-day procedure. 

Laboratory procedures for mixing, curing, testing, and physical and 
chemical analysis of test specimens are provided or referenced in 
Section 6.0. 

The following sections provide details on the treatability study 
experiments to be used for the various waste forms that are to be 
included in the laboratory testing. 
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1.3.2 Pond 207A Sludge, Pond 207B Sludge, and Clarifier Sludge 

1.3.2.1 Assumptions 

\ 
i I  

The scope of the treatability studies for these waste forms will be 
the same because the wastes are similar in nature based on previous 
analysis. 

Prior to treatability testing, the sludges will be screened to 10 
mesh size. Material that does not pass a 10 mesh sieve will be 
ground to 10 mesh size, if this can be done in a timely manner that 
will not adversely affect the schedule. Otherwise, treatability 
testing will be performed on material that passes 10 mesh. During 
previous grain size analysis by Westm, the majority of the sludge 
particles was determined to be less than 10 mesh size. 
Formulations using material that passes 10 mesh and material Itas 
received" will both be tested to determine whether particle size 
has any affect on the CSS formulation. Based on existing data that 
shows a relatively small percentage of the solids greater than 10 
mesh, and observation of the sludge indicating that most of the 
large solids are inert, it is assumed that particle size will have 
little or no effect on CSS formulation. 

Portland (Type I and Type V) cement will be evaluated as the main 
additive for these sludges. Portland cement-based treatment has 
worked in the past during original processing of the solar pond 
sludge and during reprocessing of pondcrete blocks that failed NTS 

disposal site acceptance criteria. Lime addition will be evaluated 
only if it is needed in order to maintain an alkaline pH needed to 
minimize the solubility of heavy metals. 

The preliminary treatment process design assumes that the sludges 
will be mechanically dewatered prior to mixing with portland cement 
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and water. Therefore, to simulate anticipated process conditions, 
sludge samples will be mechanically dewatered before beginning 
treatability study work. Limited dewatering tests may be performed 
during the preliminary test phase to determine the percent solids 
achievable. 

The addition of additives to enhance durability (e.g., fibers, air 
entrainment, and silica) will take place only after successful CSS 
formulations have been identified. 

The treatability study schedule assumes the following: 

0 

0 

0 

0 

0 

0 

Assume B Ponds will be consolidated by E G G .  

Accelerated curing of test specimens will be required in 
order to meet schedule constraints. Final testing to 
determine compliance with regulatory requirements and to 
verify long- term durability will be conducted on 
specimens that have cured for 28 days. 

Twelve batches (recipes) can be mixed per day (one 
shift). 

Two to four unconfined compressive strength (UCS) tests 
can be conducted per hour. 

The Toxicity Characteristic Leaching Procedure (TCLP) 
metals analytical results will be available in 7 days, 
based on a maximum of 10 samples extracted per day and 
low activity of the samples. 

The results for full TCLP analysis (organics, if 
required, and inorganics) will be available in 6 weeks 
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(maximum). 

0 Wet/dry and freeze/thaw durability testing will take 24 
days to complete. 

1 . 3 . 2 . 2  Preliminam Testinq 

As part of the characterization study performed on the clarifier 
sludge, amenable cyanide will be done per EPA 335.1. This will 
determine if the clarifier sludge will meet the LDR requirements 
stated in 40 CFR 268 for F006 classified waste. 

The dry solids content of each sludge will be determined. 

The sludges will be screened to 10 mesh size. Oversize material 
(greater than 10 mesh) will be ground to 10 mesh, if this is 
possible without affecting the schedule. 

Quick screening mixing tests will be performed on each of the 
sludges. This will involve mixing portland cement and water, if 
needed, with the sludges to obtain a llworkablell mixture that, in 
the opinion of the laboratory technician, is neither too wet nor 
too dry. The initial starting point will be based on the 
experience of the laboratory technician, past experiences at Rocky . 

Flats, and mixtures provided in literature for similarly 
characterized wastes. The ratios of waste, portland cement, and 
water that are determined to be the best mixes based on this 
preliminary testing will be used as the starting points (center 
points in factorial experiments) for the next phase of the 
treatability study. 
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1.3 .2 .3  Phase I 

This phase involves an experiment using sludge, portland cement, 
and water for each of the three sludges. The experiment will 
bracket the center points determined in the preliminary testing. 
That is, the sludge concentration will be held constant, and the 
portland cement and water content will each be varied by a fixed 
percentage above and below the center point. The percent variation 
in the amount of portland cement and water added will also be based 
on the preliminary testing. This means that, for each sludge, 
three portland cement concentrations and three water concentrations 
will be evaluated. For example, the center point could be 3 parts 
waste, 1 part Portland cement, and 1 part water. Then, formulation 
would be developed using 3 parts waste, 1 i parts Portland cement, 
and 1 f parts Portland cement, and 1 i y parts water. This will 
result in five recipes for each of the three sludges (see Figure 
1-2). 

After the specimens for each formulation are mixed and placed into 
plastic test cylinders, they will be cured for 48 hours using the 
accelerated method. After curing, visual observations on free 
water content and the appearance of the specimens will be made. 

Formulations that pass the visual inspection will be subjected to 
UCS testing. Formulations that do not achieve sufficient strength 
will be eliminated from further evaluation. 

1.3.2.4 Phase I1 

Phase I1 will basically repeat the Phase I testing. This phase of 
the treatability study will also evaluate testing of 10 mesh sized 
sludges versus "as received" sludges. The recipes will be 
adjusted, as needed, to evaluate the acceptable range of mixes and 
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to define the new center point, which would be the best anticipated 
recipe based on strength. Each formulation will use both 10 mesh 
sized sludges and "as received" sludges. This will result in ten 
recipes for each of the three sludges. After the specimens for 
each formulation are mixed and allowed to cure for 48 hours 
(accelerated method), they will be evaluated for strength. 

<--) 

Formulations that pass the strength criteria will be leached using 
the TCLP method, and the extracts will be analyzed for metals. 
Formulations that do not achieve the Land Disposal Restriction 
(LDR) treatment standard for metals of concern may be eliminated 
from further consideration. 

The pH of the TCLP extract will a l s o  be measured to determine 
whether the addition of lime (calcium hydroxide) is needed to 
maintain minimum solubility of the metals. The premise for this 
experiment is that if the pH of the TCLP extract is too low, there 
is insufficient buffering capacity of the solidified waste, and 
lime addition would be needed to maintain a high enough pH to 
maintain minimum metals solubility. The amount of lime required 
will be based on a titration-type of test and/or stoichiometry. 

1 . 3 . 2 . 5  Phase 111 

Recipes, using portland cement (or portland cement and lime, if 
required) and using 10 mesh sized sludge or "as received" sludge, 
that exhibit the best strength and leachability characteristics 
will be tested in this phase. This phase of the treatability study 
will also evaluate the addition of admixtures (e.g., plastic 
fibers, air entrainment, and silica) , long-term durability (i.e., 
wet/dry and freeze/thaw resistance), and regulatory compliance 
testing . 
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For each sludge, four potential recipes will be evaluated. These 
will include four recipes to evaluate admixtures (three admixtures 
and one recipe without admixtures). Duplicate specimens will be 
prepared for the proposed tests, except for wet/dry and freeze/thaw 
resistance, where the tests use a control specimen. 

f-) 

During this phase, TCLP analysis will be conducted for the selected 
CSS Formulation on a wet mix (i.e. , less than 1 hour after the 
mixture is prepared). These results will be compared with TCLP 
Analysis after a 28-day cure. This will be done to verify that 
TCLP metals concentrations will not fluctuate in an adverse manner 
from initial preparation to after a 28-day cure time. These results 
will be beneficial during actual remediation, thereby suggesting 
that samples collected during the initial pouring will indicate 
whether the billet will meet LDR requirements. 

Additionally, two cylinders prepared with the selected CSS 
Formulation will be cured for two days in a moist atmosphere, 
simulating expected conditions during remediation. These cylinders 
will be tested for UCS. The results will be compared to the 28-day 
UCS test results thereby providing a strength requirement after two 
days of curing. This data will provide a way to determine 
acceptability of a billet during remediation. 

After mixing, the specimens will be allowed to cure for 7 days and 
evaluated for strength (UCS) and metals leachability (TCLP) . For 
mixes where strength and leachability are acceptable, specimens 
will be allowed to cure for 28 days total. After the 28-day cure, 
the specimens will be evaluated for strength, compliance with LDR 
treatment standards (TCLP and analysis for inorganics and organics 
of concern, if required), and durability (wet/dry and freeze/thaw 
resistance). Specimens that have been subjected to wet/dry and 
freeze/thaw tests will be also evaluated for strength following 
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these durability tests to determine whether a decrease in strength 
has occurred. 

A petrographic analysis will also be performed for each formulation 
to determine the microscopic structure of the solidified wastes. 

Based on the Phase I11 results, a CSS formulation for each sludge 
will be selected for use in full scale treatment. 

A decision tree showing the CSS formulation screening and selection 
process for these sludges is presented in Figure 1-3. A summary of 
the treatability study for these sludges is presented in Table 1-2. 

1.3.3 Pondcrete 

The treatability study for pondcrete will consist of three phases. 
A conceptual outline for the three phases is provided in Appendix 
H. Phase I will include physical tests and other testing necessary 
to determine major process options, thus allowing early selection 
of equipment. Phase I will consist of two sub-phases (IA and IB). 
Phase IA will consist of tests to determine the upper limit of 
waste loading and other engineering parameters such as viscosity, 
bulk density, specific gravity, etc. Phase IB will consist of 
dewatering studies and tests to evaluate the affect of inclusion of 
various amounts of trash. Phase I1 will consist of testing to 
screen various cement stabilization and solidification (CSS) 
formulas for key parameters, including any additives needed for 
compliance with land disposal restrictions (LDRs). Phase I1 will 
also include accelerated durability and UCS testing. Phase I11 
will consist of testing to determine appropriate operating ranges 
for key process parameters and to demonstrate full regulatory 
compliance. Phase I11 will also include additional studies for 
miscellaneous concerns such as the affect of different curing 
temperatures and addition of a "superplasticizertt. The results 
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TABLEI-2 
w# 207A #u)6E, PQD 207B SUDQ, CURXFXER 

FIATS 
P M T 3 O F 3  

CSS - Chemical Stabilization and Solidification 
TED - To Be Determined Based On Visual Observations 
UCS - Unconfined Canpressive Strength 
TCLP- Toxicity Characteristic Leaching Procedure 
PFLT- Paint Filter Liquid Test 

(1) 
(2) Air dry curing. 

To be performed less than 1 hour after mixing. 
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from preliminary phases may cause subsequent tests to be revised 
from that contained in this work plan. 

The pondcrete testing will be performed using both triwalls and 
triwalls in metal containers unless otherwise noted. 

1.3.3.1 AssumDtions 

Two types of pondcrete (from triwalls and from triwalls in metal 
containers) will be subject to testing because the materials vary 
in consistency. 

The solids content of the pondcrete will be analyzed to determine 
and calculate dry solids. The amount.of pozzolanic binders needed 
will be based on the dry solids of the pondcrete. The fluidity 
limit will be determined for pondcrete. This will dictate how much 
water must be added for the process stream. 

The preliminary treatment process design assumes that the pondcrete 
will be crushed so that all material is below a 10 mesh size, 
slurried to remove the oversize material, and then mechanically 
dewatered prior to mixing with the selected binder and water. 
Dewatering tests will be performed by vendors to determine the 
achievable sludge cake solids. CSS formulations for pondcrete will 
be based on dry solids; therefore, necessary adjustments to 
binders, additives, and water to be added under full scale 
conditions can be made based on these results. 

Pondcrete samples will be ground/milled to 10 mesh screen size 
during field sampling, so size reduction will not be needed during 
the treatability study work conducted in the Pittsburgh Laboratory. 

The addition of additives to enhance durability will take place 
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only after successful CSS formulations have been identified. 

The treatability study schedule assumes the following: 

f-. "'! 

e 

0 

e 

1.3.3.2 

Phase IA 
studies. 

Accelerated curing of test specimens will be required in 
order to meet schedule constraints. Final testing to 
determine compliance with regulatory requirements and to 
verify long-term durability will be conducted on 
specimens that have cured for 2 8  days. 

Twelve batches (recipes) can be mixed per day (one shift) 

Two to four UCS tests can be conducted per hour. 

The TCLP metals analytical results will be available in 
7 days, based on a maximum of 10 samples extracted per 
day and low radioactivity of samples. 

The results for full TCLP analysis (organics, if 
required, and inorganics) will be available in 6 weeks 
(maximum). 

Wet/dry and freeze/thaw durability testing will take 24 
days to complete. 

Phase IA 

consists of initial analytical testing and engineering 

Initial Analvtical Testins of Feed Waste 

Initial testing of the pondcrete waste forms includes a methanol 
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study, baseline chemical analysis, and analysis for engineering 
'"1 parameters. 

1. Methanol Study 

The goal of the methanol study is to determine whether methanol is 
present in triwalls in metal containers and, if so, whether it 
could be expected to leach at concentrations that exceed LDR 
treatment standards. Based on previous characterization data, the 
presence of methanol above LDR treatment standards is not a concern 
for triwalls. A total methanol analysis will be conducted using a 
GC method on a sample from the triwalls in metal containers. If 
methanol is detected, its presence will be confirmed using a second 
GC column. A zero head space (ZHE) .TCLP extraction will also be 
conducted on samples spiked at two methanol concentrations (average 
and twice the average concentration). The extract will be analyzed 
to determine whether methanol will leach at a concentration that 
exceeds the LDR treatment standard. 

2. Baseline Analysis 

The baseline analysis will determine baseline chemical data for 
comparison with characterization data. Representative samples of 
both triwalls and triwalls in metal containers will be analyzed for 
a wide range of parameters, including total metals, leachable 
metals, radionuclides, anions, cations, and other analytes (see 
Table 1-3. 

3 .  Engineering Parameters 

Representative samples of triwalls and triwalls in metal containers 
will be analyzed for bulk density, moisture content (gravimetric 
and Karl Fisher percent water), specific gravity, and specific 
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TABLE 1-3 
INITIAL ANALYTICAL TESTING SUMMARY 

PONDCRETE/SALTCRETE TREATABILITY STUDY 
ROCKY FLATS 

Anal 
~ ~~ 

Metals 
Aluminum 
Arsenic 
Antimony 
Barium 
Beryl 1 ium 
Boron 
Cadmium 
Calcium 
Chromium, total 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Radionuclides 
Americium (Am-241) 
Plutonium (Pu-239/Pu-240) 

tes 

Others 
Alkalinity, carbonate(') 
Alkalinity, Methyl Orange(') 
Alkalinity, phenolphthalein( ') 
Ammonia 
Chloride ('1 
Cyanide total and amenable) 

Nitrate(') 
Fluoride L 1 

PH 
Phosphorus, total(') - 
Specific conductance(') 
Sulfate ( 
Sulf ide(l) 
Total organic carbon 

Leachins Tests 
TCLP Leach - Arsenic - Barium - cadmium - Chromium, total - Lead - Nickel 
- Selenium - Silver 

ASTM Leach 
- Chloride - Nitrate - Phosphorus, total 
- Sulfate - Total dissolved solids 

(1) Following dissolution in deionized water. 
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gravity of discreet particles. These analyses will determine the 
baseline for engineering parameters. 

Ensineerins Studies 

Engineering studies to be conducted during Phase IA include a waste 
loading study, a dissolution test in water, a determination of 
viscosity and density of samples at various solids contents, 
settling tests, an evaluation of the rheology of slurries, and an 
evaluation of saturation total dissolved solids (TDS) versus 
temperature. 

1. Waste Loading Study 

The goal of the waste loading study is to determine the upper limit 
of the waste loading ( %  feed waste in the product slurry), which 
will help to determine the degree of dewatering that will be 
necessary (i.e., if 20 percent was the upper waste loading, then it 
would not be necessary to dewater to more than 20 percent solids). 
The results of this testing would narrow the selection of 
downstream process options. 

The waste loading study will consist of mixing the two waste forms, 
at different solids contents, with the CSS formulation used for the 
solar ponds. The CSS formulation will consist of Type V portland 
cement, Type C flyash, and hydrated lime at a ratio of 
1.0/2.0/0.75, respectively. The waste loading will vary based on 
the total solids content of the waste. Mixes will be prepared at 
solids loadings of 20, 30, 4 0 ,  50, 6 0 ,  and 70 percent. The liquid 
phase, with the solids concentration at the saturation point (as 
determined by the dissolution test), will also be solidified using 
the same CSS formulation. All mixes will be prepared at a water- 
to-pozzolan ratio of 0 . 4 2 .  To assure uniform moisture content, 
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enough material for all batches will be prepared at the various 
solids loadings and stored in a sealed container until it is time 
to mix the waste material with the pozzolans. 

Analysis of the input (i.e., prior to mixing with pozzolans) will 
include total solids, total dissolved solids of the supernatant, 
viscosity, specific gravity, and bulk density. Analysis of the 
output (i.e., after mixing but prior to curing) will include bulk 
density, VG Fann testing, and observation of the ability of the 
material to be pumped (this testing will be filmed). 

After the specimens for each solids loading are mixed and placed 
into plastic cylinders, they will be cured for 48 hours using the 
accelerated curing method. After curing, visual observation of the 
free water content and appearance of the specimens will be made. 
Formulations that pass the visual inspection will be subjected to 
UCS, TCLP metal analysis, and accelerated durability testing (i.e., 
wet/dry and freeze/thaw resistance). Specimens that have been 
subjected to durability testing will also be evaluated for strength 
to determine whether a decrease in strength has occurred. 
Formulations that do not achieve sufficient strength or fail LDR 

requirements will be eliminated from further evaluation. 

2. Dissolution Tests 

The goal of these tests is to determine the extent of feed waste 
dissolution when mixed with water. This test consists of 
dissolving a known mass of sample in excess water and determining 
the specific gravity and TDS of the solution. The dry weight of 
the undissolved portion will also be determined. 

Another test will consist of dissolving the sample in a small 
amount of water to make a saturated solution. The TDS and specific 
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gravity of the supernatant will be measured. 

Both of these tests will be conducted at room temperature and 
100OF. 

3 .  Viscosity and Density at Various Solids Contents 

The goal of these tests is to determine how the solids content 
affects the viscosity and density of the feed wastes. Various 
mixtures of the waste and water will be prepared at concentrations 
of 5 ,  10, 20, 30, 40, 50, and 60 percent solids (or up to the 
plastic limit). The viscosity and specific gravity will be 
measured for each mixture. The viscosity of the supernatant, up to 
the saturation point, will also be determined. The experiment will 
be performed at room temperature and repeated at l O O O F  to reflect 
the temperature rise expected in the grinding circuit. 

4 .  Settling Tests 

Settling tests will be conducted on pondcrete samples ground to 10 
mesh to determine settling rates and terminal densities. These 
tests will be performed using a saturated solution as the liquid 
phase and will be conducted at solids concentration of 5, 10, 20, 

3 0 ,  40,  5 0 ,  and 60 percent. The tests will be performed at room 
temperature and at 100OF. 

5. Evaluation of Rheology of Slurries 

For these tests, the viscosity of slurries will be measured at 
solids contents of 5, 10, 20, 30, 4 0 ,  and 50 percent, of feed 
waste, with and without trash included in the slurry. This testing 
will be conducted on a saturated solution. Each slurry with trash 
will include 20 percent dry weight of trash (i.e., pallet, plastic 
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sheeting, steel, etc.). The "steel" material will include steel 
banding, nails and artifacts from the ball mill. The trash 
comprises approximately 8 percent of the total weight of a billet. 
When calculated using dry weights, approximately 20 percent of the 
billet is considered to be trash. The viscosity of the slurry is 
needed to define pumping, settling, and other material handling 
parameters. 

/--\ 
1 

6 .  Saturation TDS versus Temperature 

The goal of these tests is to measure the degree of salt 
dissolution at various temperatures. This will be determined by 
collecting samples of the supernatant at different temperatures 
(i.e., room temperature, 50°F, and .lOO°F). The samples will be 
analyzed for TDS and specific gravity. 

1 . 3 . 3 . 3  Phase IB 

This portion of Phase I will consist of evaluating dewatering 
processes and performing a trash study. The dewatering study will 
evaluate the selected process option that is believed to be the 
most practical to achieve the optimum solids content determined in 
the waste loading study (Phase IA). The trash study will evaluate 
various loading of trash to determine whether there is any impact 
from different loadings. 

1. Dewatering Study 

This testing will evaluate various dewatering devices that are 
capable of achieving the solids content derived in the waste 
loading study. Vendors will be solicited to conduct the dewatering 
tests. Dewatering testing will include the appropriate quantities 
of trash. Further details on these tests will be developed at the 
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/,, \ completion of the waste loading study. 
i \  

2. Trash Study 

This study will evaluate trash addition with regard to chemical and 
physical parameters. Testing will be conducted at the maximum 
solids content determined from the waste loading study. Trash will 
be added at concentrations of 2, 5, 7 . 5 ,  10, 12.5, 15, 20, 50, 75, 
and 100 percent of the feed waste loading. The objective of these 
tests is to eliminate trash as a future variable for the CSS 
formulation development to be conducted during Phase 11. 

After the samples are mixed with various percentages of trash, they 
will be tested for percent solids, bulk density, viscosity, 
specific gravity, and percent water (Karl Fisher). 

CSS testing will be conducted to determine the effect of trash on 
the stability of the solidified product and TCLP criteria. The CSS 

testing will be conducted at three waste loadings. One of the 
waste loadings will be that selected from the initial waste loading 
study. The others will bracket either side of the initial loading 
(e.g., plus or minus 10 percent solids). The water-to-pozzolan 
ratio will be 0 . 4 2 .  The CSS formulation will consist of Type V 
portland cement, Type C flyash, and hydrated lime at a ratio of 
1.0/2.0/0.75, respectively. After the specimens for each 
formulation are mixed and placed into plastic test cylinders, they 
will be cured for 48 hours using the accelerated method. After 
curing, visual observations of free water content and the 
appearance of the specimens will be made. Formulations that pass 
the visual inspection will be subjected to UCS, TCLP for metals, 
and accelerated durability testing (i.e., wet/dry and freeze/thaw 
resistance). Specimens that have been subjected to durability 
testing will also be evaluated for strength to determine whether a 
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decrease in strength has occurred. Formulations that do not 
achieve sufficient strength or fail LDR requirements will be 
eliminated from further evaluation. 

/--, 

1 . 3 . 3 . 4  Phase I1 - CSS Formulation Development 

This phase will be conducted using only triwalls. Triwalls in metal 
containers will not be used unless concerns with methanol still 
exist based on the methanol study from Phase IA. Triwalls have the 
same contaminants as those that exceeded LDR treatment standards 
for the triwalls in metal containers but at higher concentrations. 

These studies will be conducted at the solids content selected from 
the waste loading study. The water-to-pozzolan ratios will be 
varied and will include ratios of 0 . 3 4 ,  0 . 4 2 ,  and 0.50. The CSS 
formulation will consist of Type V portland cement, Type C flyash 
and hydrated lime at a ratio of 1.0/2.0/0.75, respectively. This 
testing will determine whether additives are needed to improve the 
characteristics of the solidified product so that it will pass the 
TCLP testing criteria. 

The product slurry produced from these tests will be subjected to 
viscosity (VG Fann) and density (mud balance) testing. The VG Fann 
testing will yield gel strength characteristics from the product 
slurries produced. The mud balance testing will determine the 
densities of the product slurries. Together these tests will 
provide the necessary data to engineer the product slurry handling 
systems. 

After the specimens for each formulation are mixed and placed in 
plastic test cylinders, they will be cured for 48 hours using the 
accelerated method and analyzed for TCLP metals. If the TCLP 
results pass the LDR treatment standards, then Phase I1 will be 
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y-.. complete. If not, further testing will be required to evaluate 
various additives (to be determined) to reduce the leachability of 
the metal constituents. 

I '  

Testing in this phase will be dependent on the results of the waste 
loading study. Upon completion of the waste loading study, 
additional information will be available to thoroughly scope the 
CSS formulation development phase. 

1 . 3 . 3 . 5  Phase I11 - Resulatorv Compliance Testinq 

Phase I11 will test the CSS formulation to determine whether it 
will pass all regulatory criteria over the proposed operating 
range. The proposed operating range will be at a water-to-pozzolan 
ratio of 0 . 3 4  to 0.50, with 0 . 4 2  being the center point. These 
water-to-pozzolan ratios will be tested at f 10 percentage points 
around the waste loading selected from the Phase IA testing. 

After mixing the product slurrlies will be subjected to VG Fann and 
mud balance. The specimens will be allowed to cure for 7 days and 
evaluated for strength (UCS) and metals leachability (TCLP). For 
formulations where strength and leachability are acceptable, the 
specimens will be allowed'to cure for 2 8  days total. After the 28- 

day cure, the specimens will be evaluated for strength, metals 
leachability (TCLP) for compliance with LDR treatment standards, 
free liquid (Paint Filter Liquid Test and Solid/Liquid Test), and 
durability (i-e., wet/dry and freeze/thaw resistance). Specimens 
that have been UCS and TCLP metals testing to durability testing 
will also be evaluated for strength to determine whether a decrease 
in strength or an increase in the leaching metals has occurred. 

Several additional tests will be performed during Phase 111. A 

factorial experiment that varies the ratio of pozzolans will be 
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conducted so that the cement to flyash to lime ratio can be varied 
during full scale processing. Another factorial experiment will be 
performed to evaluate the addition of a "superplasticizer". The 
effects of curing the test cylinders at different temperatures will 
also be evaluated. Specimens from each of these three tests will 
be tested for all of the pertinent regulatory criteria listed 
above. 

\ 
I 

A petrographic analysis will be completed on specimens cured 28 
days to determine the microscopic structure of the final CSS 

formulations. 

Based on the Phase I11 results, a CSS formulation range for each 
type of pondcrete will be selected for full-scale testing. It may 
be possible that the same formulation will be acceptable for both 
forms of pondcrete. 

A decision tree showing the CSS formulation screening and selection 
process for pondcrete is shown in Figure 1-4. A swnmary of the 
treatability study for pondcrete is presented in Table 1-4. 
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1.3 .4  Pond 207C Slurry 
(- ''> 

1.3.4.1 Assumr, tions 

Pond 207C slurry will be screened to 10 mesh size. Material that 
does not pass 10 mesh will be ground to 10 mesh size. It is 
assumed that this can be done without adversely affecting the 
schedule. 

The solids content of the slurry will be analyzed to 
determine/calculate dry solids. The amount of water and CSS 

formulation needed will be based on the dry solids of the slurry, 
after preliminary testing to determine acceptable CSS formulations. 

Historically, there has been little or no success in developing 
completely successful CSS formulations for saltcrete because of the 
high salt content. High salt concentrations adversely affect 
cementation. The primary problem appears to be long-term 
durability as the salt within the cemented matrix crystallizes, 
grows, and expands, causing the solidified matrix to fail. In this 
treatability study, many CSS formulations, binders, and additives 
will be evaluated in an attempt to successfully solidify and 
stabilize Pond 207C slurry so that the solidified waste is durable 
and will not expand. Initial testing will evaluate both strength 
and wet/dry durability using various CSS formulations. In 
addition, a number of additives will be used in an attempt to 
overcome long-term durability problems. W e n  if a particular CSS 

formulation with additives solidifies the waste form, the long-term 
durability problem may not be completely solved. However, 
durability tests (wet/dry and freeze/thaw resistance) may provide 
an indication of how long the solidified waste remains stable if it 
needs to be stored on site for an extended period of time prior to 
shipment to the disposal facility. 
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The primary binders to be evaluated include portland cement only, 
lime plus flyash, and portland cement plus lime/flyash. The need 
for defoaming agents will also be evaluated. Based on literature 
reviews, foaming has been a problem when portland cement was mixed 
with salt solutions and brines. Foaming would add air to the 
solidified waste form. Foaming could result in air bubbles where 
salt crystals could grow and expand, thereby causing the solidified 
matrix to fail. 

The treatability study schedule assumes the following: 

a Accelerated curing of test specimens will be required in 
order to meet schedule constraints. Final testing to 
determine compliance with regulatory requirements and to 
verify long-term durability will be conducted on 
specimens that have cured f o r  28 days. 

a Twelve batches (recipes) can be mixed per day (one 
shift). 

0 Two to four UCS tests can be conducted per hour. 

a The TCLP metals analytical results will be available in 
7 days, based on a maximum of 10 samples extracted per 
day. 

a The results for full TCLP analysis (organics, if 
required, and inorganics) will be available in 6 weeks 
(maximum). 

a Wet/dry and freeze/thaw durability testing will take 24 
days to complete. 
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1.3.4.2 Preliminary Testinq 

The.dry solids content of the pond slurry will be determined. 

The slurry will be screened to 10 mesh size. Oversize material 
(greater than 10 mesh) will be ground to 10 mesh. This may be 
time-consuming; however, it may be necessary because of the 
presence of salt crystals from the bottom of Pond 207C. 

Quick screening tests will be performed. These will involve mixing 
various binders (portland cement alone, lime plus flyash, and 
portland cement plus lime/flyash) and water with the pond slurry to 
obtain *lworkablell mixtures that, in the opinion of the laboratory 
technician, are neither too wet nor too dry. The initial starting 
point will be based on the experience of the laboratory technician, 
past experiences at Rocky Flats, and mixtures provided in 
literature for similarly characterized wastes. During these 
preliminary mixing tests, potential lime to flyash and portland 
cement to lime/flyash ratios will also  be evaluated. In addition, 
if any of the binder/waste/water mixtures exhibits foaming, the 
need for a defoaming agent and the amount needed to reduce foaming 
problems will be evaluated. 

The ratios of binder, waste, and water that are determined to be 
the best mixes based on this preliminary testing will be used as 

the starting points (center points) for the next phase of the 
treatability study. 

1-3.4.3 Phase I 

This phase will be conducted in two steps. The first s t e p  o f  this 
phase involves experiments using three binder formulations: 
portland cement only, lime/flyash, and portland cement plus 
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lime/flyash. The experiment will bracket the center points 
determined in the preliminary testing. That is, the slurry 
concentration will be held constant, and the binder and water 
content will each be varied by a fixed percentage above and below 
the center point. The percent variation of the amount of binder ( s )  

and water added will also be based on the preliminary testing. 
This means that for binders of portland cement only and lime/flyash 
three binder concentrations and three water concentrations will be 
evaluated. This will result in five recipes for each binder type 
(see Figure 1-2). For the binder that consists of portland cement 
plus lime/flyash, there will be nine recipes because the ratios of 
portland cement to lime/flyash will also be varied (see Figure 
1-5). Therefore, for the first step of this phase of the 
treatability study for Pond 207C slurry, 19 recipes will be 
evaluated. 

After the specimens for each formulation are mixed and placed into 
plastic test cylinders, they will be allowed to cure for 48 hours 
using the accelerated method. After curing, visual observations on 
free water content and the appearance of the specimens will be 
made. Formulations that pass the visual inspection will be 
subjected to UCS testing. Formulations that do not achieve 
sufficient strength will be eliminated from further consideration. 

The second step of Phase I will basically repeat the step one 
testing. The recipes will be adjusted, as needed, to evaluate the 
range of acceptable mixes and to define the new center points, 
which would be the best anticipated recipe for each binder based on 
strength. This will result in the evaluation of an additional 19 
recipes for Pond 207C slurry. After the specimens f o r  each 
formulation are mixed and allowed to cure for 48 hours (accelerated 
method), they will be evaluated for strength. 
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1 . 3 . 4 . 4  Phase I1 <- ‘“I 
The binder formulations (using portland cement only; lime and 
flyash; and portland cement, lime, and flyash) that exhibit the 
best strength will each be tested in this phase. This phase of the 
treatability study for Pond 207C slurry will evaluate the addition 
of admixtures, such as latex, silica, and latex/silica combined. 
Three different concentrations of each of these admixtures will be 
tested for each of the selected binder formulations. This will 
result in 27 different formulations for evaluation. After the 
specimens for each formulation are mixed and allowed to cure for 48 

hours (accelerated method), they will be evaluated for strength. 

Formulations that pass the strength criteria will be leached using 
the TCLP method, and the extract will be analyzed for metals. 
Formulations that do not achieve the LDR treatment standards for 
the metals of concern will not be automatically eliminated from 
further consideration; however, the need for additives to reduce 
metal solubility may be evaluated in the next phase (Phase 111). 

Formulations that pass the strength criteria will be evaluated for 
wet/dry durability. The durability test specimens will also be 
evaluated for strength after the wet/dry durability test to 
determine whether a decrease in strength has occurred. 

At this point in the treatability study for Pond 207C slurry, one 
binder formulation (portland cement only; lime and flyash; or 
portland cement, lime, and flyash) will be selected for further 
testing. All three admixtures (at one concentration each) will be 
retained for further testing, assuming that the use of a particular 
additive does not have a deleterious effect on strength or 
durability. 
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1.3.4.5 Phase I11 

This phase of the treatability study will not be required if 
leaching of metals is not a problem, based on the TCLP results from 
Phase 11. If leaching of metals is a problem, sulfide addition 
will be evaluated to reduce metal solubility. Sulfide will be 
used, rather than lime, because it is assumed that a sufficient 
hydroxide ion concentration will already be present in the binder 
formulations, from portland cement and/or lime. The sulfide 
concentration required will be based on stoichiometry to achieve 
minimum metals solubility. More than one sulfide concentration may 
be evaluated for each combination of the selected binder and each 
additive (latex, silica, and latex plus silica). 

After the specimens for each formulation are mixed and allowed to 
cure for 4 8  hours (accelerated test), they will be evaluated for 
strength. Formulations that pass the strength criteria will be 
leached using the TCLP method, and the extract will be analyzed for 
metals. At this point it is assumed that at least one of the 
formulations (with silica added if necessary) will achieve the LDR 

treatment standards for the metals of concern. 

1.3.4.6 Phase IV 

The selected binder formulations (portland cement only; lime and 
flyash; or portland cement, lime, and flyash) using the optimum 
concentration of each of the three additives (latex, silica, and 
latex plus silica) and using sulfide addition, if required, that 
exhibit the best strength and leachability characteristics will be 
tested in this phase. This phase of the treatability study will 
evaluate the use of an additional additive for strength (e.g., 
plastic fibers), long-term durability (i.e., wet/dry and 
freeze/thaw resistance), and regulatory compliance testing. 
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Six potential recipes will be evaluated for the selected binder 
(portland cement only; lime and flyash; or portland cement, lime, 
and flyash). These may include three recipes to evaluate 
admixtures (latex, silica, and latex plus silica) each with and 
without the additional strength additive. Duplicate specimens will 
be prepared for the proposed tests, except for wet/dry and 
freeze/thaw resistance where the tests use a control specimen. 

During this phase, TCLP analysis will be conducted for the selected 
CSS formulation on a wet mix (i.e., less than 1 hour after the 
mixture is prepared). These results will be compared with TCLP 
analysis after a 28-day cure. This will be done to verify that 
TCLP metals concentrations will not fluctuate in an adverse manner 
from initial preparation to after .a 28-day cure time. These 
results will be beneficial during actual remediation, thereby 
suggesting that samples collected during the initial pouring will 
indicate whether the billet will meet LDR requirements. 

Additionally, two cylinders prepared with the selected CSS 
formulation will be cured for two days in a moist atmosphere, 
simulating expected conditions during remediation. These cylinders 
will be tested for UCS. The results will be compared to the 28-day 
UCS test results thereby providing a strength requirement after two 
days of curing. This data will provide a way to determine 
acceptability o f  a billet during remediation. 

After mixing, the specimens will be allowed to cure for 7 days and 
evaluated for strength (UCS) and metals leachability (TCLP) . For 
formulations where strength and leachability are acceptable, the 
specimens will be allowed to cure for 28 days total. After the 28- 
day cure, the formulations will be evaluated for strength, 
compliance with LDR treatment standards (TCLP and analysis for 
inorganics and organics of concern, if required), and durability 
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(wet/dry and freeze/thaw resistance). Specimens that have been 
subjected to wet/dry and freeze/thaw tests will also be evaluated 
for strength to determine whether a decrease in strength has 
occurred. 

tr) 

A petrographic analysis will also be performed for each formulation 
to determine the microscopic structure of the solidified waste. 

Based on the Phase IV results, a CSS formulation for Pond 207C 
slurry will be selected for use in full scale treatment. 

A decision tree showing the CSS formulation screening and selecting 
process for Pond 207C slurry is presented in Figure 1-6. A summary 
of the treatability study for Pond 207C slurry is presented in 
Table 1-5. 

1.3.5 saltcrete 

f 
1 '  Saltcrete has recently been determined to consist of three separate 

waste forms, triwalls, half-crates, and triwalls in metal 
containers. The triwalls contain a waste loading of 50 to 55 
percent (by weight) and half-crates primarily contain a waste 
loading of 33 to 35 percent (by weight). The metal containers 
store triwalls that have been damaged. 

The treatability study for saltcrete will consist of three phases. 
A conceptual outline for the three phases is provided in Appendix 
H. Phase I will include physical tests and other testing necessary 
to determine major process options, thus allowing early selection 
of equipment. Phase I will consist of two sub-phases (IA and IB). 
Phase IA will consist of tests to determine the upper limit of 
waste loading and other engineering parameters such as viscosity, 
bulk density, specific gravity, etc. Phase IB will consist of 
dewatering studies and tests to evaluate the affect of inclusion 
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of various amounts of trash. Phase I1 will consist of testing to 
screen various cement stabilization and solidification (CSS) 
formulas for key parameters, including any additives needed for 
compliance with land disposal restrictions ( L D R s ) .  Phase I1 will 
also include accelerated durability and UCS testing. Phase I11 
will consist of testing to determine appropriate operating ranges 
for key process parameters and to demonstrate full regulatory 
compliance. Phase I11 will also include additional studies for 
miscellaneous concerns such as the affect of different curing 
temperatures and addition of a "superplasticizer". The results 
from preliminary phases may cause subsequent tests to be revised 
from that contained in this work plan. 

The saltcrete testing will be performed using triwalls, triwalls in 
metal containers, and half-crates, unless otherwise noted. 

1 . 3 . 5 . 1  AssumDtions 

Three types of saltcrete (from triwalls, triwalls in metal 
containers, and half-crates) will be subject to testing because the 
materials vary in consistency. 

The solids content of the saltcrete will be analyzed to determine 
and calculate dry solids. The CSS formulation will be based on the 
dry solids of the saltcrete. The fluidity limit will be determined 
for saltcrete. This will dictate how much water must be added for 
the process stream. 

The preliminary treatment process design assumes that saltcrete 
will be crushed, slurried to remove the oversize material, and then 
mechanically dewatered prior to mixing with the selected binder and 
water. Dewatering tests will be performed by vendors to determine 
the achievable sludge cake solids. CSS formulations for saltcrete 
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will be based on moisture content; therefore, necessary adjustments 
to CSS formulations and water to be added under full scale 
conditions can be based on these results. 

1 

Saltcrete samples will be ground/milled to 10 mesh screen size 
during field sampling so size reduction will not be needed during 
treatability study work conducted in the Pittsburgh Laboratory. 

The treatability study schedule assumes the following: 

0 

0 

0 

0 

0 

0 

Accelerated curing of test specimens will be required in 
order to meet schedule constraints. Final testing to 
determine compliance with regulatory requirements and to 
verify long-term durability will be conducted on 
specimens that have cured for 2 8  days. 

Eight to twelve batches (recipes) can be mixed per day 
(one shift). 

Two to four UCS tests can be conducted per hour. 

The TCLP metals analytical results will be available in 
7 days, based on a maximum of 10 samples extracted per 
day and low radioactivity of samples. 

The results for full TCLP analysis (inorganics and 
organics, if required) will be available in 6 weeks 
(maximum). 

Wet/dry’and freeze/thaw long-term durability testing will 
take 24 days to complete (after specimens are cured). 
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1.3.5.2 Phase IA 
' \  

I 

Phase IA consists of initial analytical testing and engineering 
studies. 

Initial Analvtical Testins of Feed Waste 

Initial testing of the saltcrete waste forms includes a total 
dissolved solids (TDS) test and a baseline chemical analysis. 

1. Total Dissolved Solids (TDS) Test 

Samples of each of the three saltcrete waste forms will be 
dissolved in excess deionized water. at various dilutions. The 
liquid phase will then be filtered, and the filtrate will be 
analyzed for TDS. The filter cake will be analyzed for total 
solids and specific gravity. This will provide an initial baseline 
of the salt content of each of the waste forms. 

2. Baseline Analysis 

The baseline analysis will determine baseline chemical data for 
comparison with characterization data. Representative samples for 
the three waste forms will be analyzed for the same parameters as 
the pondcrete waste forms (see Table 1-3). 

Ensineerins Parameters 

Representative samples of saltcrete in triwalls, triwalls in metal 
containers, and half-crates will be analyzed for bulk density, 
moisture content (gravimetric and Karl Fisher percent water), and 
specific gravity (total and as discreet particles). These analyses 
will form the baseline for engineering parameters. 

Deliverable (Combined) 231A, 2318, 231C, 231E 
Treatability Study Work Plan - Rev. 1 
(December 1992) 

\ 

1-62 



Ensheerins Studies 

1. Waste Loading Study 

' 'j 
t '  

The goal of the waste loading study is to determine 
of the waste loading ( %  feed waste in the product 

the upper limit 
slurry), which 

will determine the degree of dewatering, if any, that will be 
necessary (i.e., if 5 0  percent solids was the upper waste loading, 
then it would not be necessary to dewater the waste material to 
greater than 5 0  percent solids). The results of this study should 
narrow the selection of downstream process options. In addition, 
this testing will determine whether the addition of latex is 
beneficial and should be considered further during the CSS 
formulation development. 

This study will consist of mixing the waste forms, at different 
solids concentrations, with the CSS formulation used for the solar 
ponds. The CSS formulation will consist of Type V portland cement, 
Type C flyash, and hydrated lime at a ratio of 1.0/2.0/0.75, 

respectively. Batches will also be prepared using portland 
cement/flyash/hydrated lime and latex. Latex will be evaluated at 
concentrations of 0 ,  5, and 10 percent of the weight of the 
portland cement. Mixes will be conducted at solids loadings of 20, 
30, 40 ,  5 0 ,  6 0 ,  and 70 percent. The liquid phase, with the solids 
concentration at the saturation point, will also be solidified 
using the same CSS formulation. All mixes will be prepared at a 
water-to-pozzolan ratio of 0 . 4 2 .  A corresponding TDS value for 
each waste loading will also be determined. To assure uniform 
batches, enough material to mix all scheduled batches will be 
produced and stored in a sealed container until needed. 

Analysis of the input (i.e. , prior to mixing with pozzolans and 
latex) will include total solids, total dissolved solids for the 
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/ .  supernatant, viscosity, specific gravity, and bulk density. 
1 

Analysis of the output (i.e., after mixing but prior to curing) 
will include bulk density, VG Fann testing, and observation of the 
ability of the material to be pumped (this testing will be filmed) . 

After the specimens for each solids and latex loading are mixed and 
placed into plastic cylinders, they will be cured for 4 8  hours 
using the accelerated curing method. After curing, visual 
observation of the free water content and appearance of the 
specimens will be made. Formulations that pass the visual 
inspection will be subjected to U C S ,  TCLP metal and analysis, and 
accelerated durability testing (i.e., wet/dry and freeze/thaw 
resistance). Specimens that have been subjected to durability 
testing will also be evaluated for strength to determine whether a 
decrease in strength has occurred. Formulations that do not 

j achieve sufficient strength or fail LDR requirements will be 
eliminated from further evaluation. 

2. Dissolution Tests 

The goal of these tests is to determine the extent of feed waste 
dissolution when mixed with water. This test consists of 
dissolving a known mass of sample in excess water and determining 
the specific gravity and TDS of the solution. The dry weight of 
the undissolved portion will also be determined. 

Another test will consist of dissolving the sample in a small 
amount of water to make, a saturated solution. The TDS and specific 
gravity of the supernatant will be measured. 

Both of these tests will be conducted at room temperature and 
10O0F. 
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3. Viscosity and Density at Various Solids Contents 
f <\ 

The goal of these tests is to determine how the solids content 
affects the viscosity and density of the feed wastes. Various 
mixtures of the waste and water will be prepared at concentrations 
of 5 ,  10, 20, 30, 40, 50, and 60 percent solids (or up to the 
plastic limit). the viscosity, specific gravity, and TDS will be 
measured for each mixture. The viscosity of the supernatant, up to 
the saturation point, will also be determined. The tests will be 
performed at room temperature and repeated at l O O O F  to reflect the 
temperature rise expected in the grinding circuit. 

4 .  Settling Tests 

Settling tests will be conducted on saltcrete samples ground to 10 
mesh to determine settling rates and terminal densities. These 
tests will be performed using a saturated solution as the liquid 
phase and will be conducted at solids concentration of 5 ,  10, 20, 
30, 40,  50, and 60 percent. The tests will be performed at room 
temperature and at 100OF. 

5. Evaluation of Rheology of Slurries 

For these tests, the viscosity of slurries will be measured at 
solids contents of 5 ,  10, 20, 30, 40, and 50 percent, of feed 
waste, with and without trash included in the slurry. This 
testing will be conducted in a saturated solution. Each slurry 
with trash will include 15 percent dry weight of trash (i.e., 
pallet, plastic sheeting, steel, etc.). The "steel" material will 
include steel banding, nails and artifacts from the ball mill. The 
trash comprises approximately 8 percent of the total weight of a 
billet. When calculated using dry weights, approximately 15 

percent of the billet is considered to be trash. The specific 
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gravity of each slurry will be measured with and without trash. 
The viscosity of the slurry is needed to define pumping, settling, 
and other material handling parameter. 

', 

6 .  Saturation TDS versus Temperature 

The goal of these tests is to measure the degree of salt 
dissolution at various temperatures. This will be determined by 
collecting samples of the supernatant at different temperatures 
(i.e., room temperature, SOOF, and 100OF). The samples will be 
analyzed for TDS and specific gravity. 

1 . 3 . 5 . 3  Phase IB 

This portion of Phase I will consist of evaluating dewatering 
processes and performing a trash study. The dewatering study will 
evaluate the selected process option that is believed to be the 
most practical to achieve the target solids loading determined in 
the waste loading study (Phase IA). The trash study will evaluate 
various loading of trash to determine whether there is any impact 
form different loadings. 

1. Dewatering Study 

This testing will be valuate various dewatering devices that are 
capable of achieving the solids content derived in the waste 
loading study. Vendors will be solicited to conduct the dewatering 
tests. Dewatering testing will include the appropriate quantities 
of trash. Further details on these tests will be developed at the 
completion of the waste loading study. 
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2. Trash Study 

This study will evaluate trash addition with regard to chemical and 
physical parameters. Testing will be conducted at the TDS 

concentration determined from the waste loading study. Trash will 
be added at concentrations of 2, 5, 7.5, 10, 12.5, 15, 20, 50, 75, 
and 100 percent of the waste loading. The objective of these tests 
is to generate data to eliminate trash as a future variable for the 
CSS formulation development to be conducted during Phase 11. 

After the samples are mixed with various percentages of trash, they 
will be tested for percent solids, percent TDS, bulk density, 
viscosity, specific gravity, and percent water (Karl Fisher). 

CSS testing will be conducted to determine the effect of trash on 
the stability of the solidified product and TCLP criteria. The CSS 
testing will be conducted at three waste loadings. One of the 
waste loadings will be that selected from the initial waste loading 
study. The others will bracket either side of the initial loading 
(e.g., plus or minus 10 percent solids) . The water-to-pozzolan 
ratio will be 0.42. The CSS formulation will consist of Type V 
portland cement, Type C flyash, and hydrated lime at a ratio of 
1.0/2.0/0.75, respectively. After the specimens for each 
formulation are mixed and placed into plastic test cylinders, they 
will be cured for 48 hours using the accelerated method. After 
curing, visual observations of free water content and the 
appearance of the specimens will be made. Formulations that pass 
the visual inspection will be subjected to UCS, TCLP for metals, 
and accelerated durability testing (i.e., wet/dry and freeze/thaw 
resistance) . Specimens that have been subjected to durability 
testing will also be evaluated for strength to determine whether a 
decrease in strength has occurred. Formulations that do not 
achieve sufficient strength or fail LDR requirements will be 
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eliminated form further evaluation. 

1.3.5.4 Phase I1 - CSS Formulation DeVelOPm8llt 

This phase will be conducted for triwalls, triwalls in metal 
containers, and half-crates. These studies will be conducted at the 
selected solids loading based on the waste loading study. For 
triwalls in metal containers, the water-to-pozzolan ratios will be 
varied and will include ratios of 0 . 3 4 ,  0 . 4 2 ,  and 0.50. The CSS 

formulation will consist of type V portland cement, Type C flyash, 
and hydrated lime at a ratio of 1.0/2.0/0.75, respectively. Latex 
addition will be evaluated only if it was determined to be 
necessary based on the Phase IA waste loading study. The testing 
for triwalls in metal containers will determine whether other 
additives are needed to improve the characteristics of the 
solidified product so that it will pass the TCLP testing criteria. 

The product slurry produced from these tests will be subjected to 
viscosity (VG Fann) and density (mud balance) testing. The VG Fann 
testing will yield get strength characteristics from the product 
slurries produced. The mud balance testing will determine the 
densities of the product slurries. Together these tests will 
provide the necessary data to engineer the product slurry handling 
systems. 

The half-crates and triwalls will be evaluated using higher water- 
to-pozzolan ratios. Treatment to reduce the leachability of the 
chemical constituents is not required because neither of these 
waste forms exceed andy LDR treatment standard. Using a higher 
water-to-pozzolan ratio will reduce the volume of the output. A .  

water-to-pozzolan ratio of 1.0 will be evaluated to determine 
whether a stable waste can be produced. The result of the 
parameters will be the same as f o r  triwalls in metal containers. 

Deliverable (Combined) 231A, 2318, 231C, 231E 
Treatability Study Uork Plan - Rev. 1 
(December 1992) 

1-68 



, .  . .  . .  

After the specimens for each formulation are mixed and placed into 
plastic test cylinders, they will be cured for 48  hours using the 
accelerated method and analyzed for TCLP metals. In addition, the 
specimens prepared from half -crates and triwalls will be subjected 
to accelerated durability testing followed by evaluation of 
strength to determine whether the higher water-to-pozzolan ratio 
had detrimental effects on wet/dry and freeze/thaw resistance. If 
the TCLP results pass the LDR treatment standards, then Phase I1 
will be complete. If not, further testing will be required to 
evaluate various additives (to be determined) to reduce the 
leachability of the metal constituents. 

’ --\ 
I 

Testing in this phase will be dependent on the results of the waste 
loading study. Upon completion of the waste loading study, 
additional information will be available to thoroughly scope the 
CSS formulation development. 

1.3.5.5 Phase I11 - Regulatory Compliance Testing 

Phase I11 will test the CSS formulation to determine whether it 
will pass all regulatory criteria over the proposed operating 
range. The proposed operating range for triwalls in metal 
containers will be at a water-to-pozzolan ration of 0.34 to 0.50, 
with 0.42 being the center point. The operating range for triwalls 
and half-crates will be determined in Phase 11. these water-to- 
pozzolan ratios will be tested at i 10 percentage points around the 
waste loading selected from the Phase IA testing. 

After mixing the product slurries will be subjected to VG Fann and 
mud balance testing. The specimens will be allowed to cure for 7 
days and evaluated for strength (UCS) and metals leachability 
(TCLP). For formulations where strength and leachability are 
acceptable, the specimens will be allowed to cure for 28 days 
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total. After the 28-day cure, the specimens will be evaluated for 
strength, metals leachability (TCLP) for compliance with LDR 
treatment standards, free liquid (Paint Filter Liquid Test and 
Solid/Liquid Test), and durability (i.e., wet/dry and freeze/thaw 
resistance). Specimens that have been subjected to durability 
testing will also be evaluated for UCS and TCLP metals testing to 
determine whether a decrease in strength or an increase in the 
leaching metals has occurred. 

Several additional tests will be performed during Phase 111. A 

factorial experiment that varies the ratio of pozzolans will be 
conducted so that the cement to flyash to lime ratio can be varied 
during full scale processing. Another factorial experiment will be 
performed to evaluate the addition of a ffsuperplasticizerff. The 
effects of curing the test cylinders at different temperatures will 
also be evaluated. Specimens from each of these three tests will 
be tested for all of the pertinent regulatory criteria listed 
above. 

A petrographic analysis will be completed on specimens cured 2 8  

days to determine the microscopic structure of the final CSS 
f omulations . 

Based on the Phase I11 results, a CSS formulation range for each 
type of saltcrete will be selected for full-scale testing. It may 
be possible that the same formulation will be acceptable for all 
three forms of saltcrete. 

A decision tree showing the CSS formulation screening and selection 
process for saltcrete is shown in Figure 1-7. A summary of the 
treatability study for pondcrete is presented in Table 1-6. 
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2.0 PROJECT ORGANIZATION AND MANAGEMENT 
(-3 

2.1 Laboratory ACC8SS Control 

Laboratory access and security control are described in 3 . 4  

ttFacility Securitytt of Section QA-19, HALLIBURTON NUS Laboratory 
Services Group General Quality Assurance Plan. 

Employees are required to wear a photo identification badge, All 
visitors must register at the front desk and must be escorted by a 
laboratory employee. 

2 . 2  Project Oruanization 

The HALLIBURTON NUS Environmental Technologies Group (ETG) will be 
responsible for all activities conducted during the treatability 
study. Mr. Richard Ninesteel will serve as the Project Manager and 
will be responsible for the overall quality of the study including 
cost and schedule. 

The treatability study will be conducted at the HALLIBURTON NUS 
Laboratory in Pittsburgh, Pennsylvania. Mr. Paul Frank will be the 
client contact and will be responsible for the quality of all work 
performed by the laboratory. Laboratory technicians will conduct 
all of the hands-on work for the study at the direction of ETG 
personnel. 

2.3 Responsibility of Key Personnel 

Mr. Richard Ninesteel will be the Project Manager and will be 
responsible for the performance of the treatability study. Mr. 
Ninesteel will be assisted by Messrs. Mark Speranza, Tohomas Snare, 
and Robert Simcik. They will be assisting with various engineering 
tasks 

Deliverable (Combined) 231A, 2316, 231C. and 231E 
Treatability Study Uork Plan - Rev. 1 
(December 1992) 2- 1 



Mr. Paul Frank will be the client contact and will be responsible 
for all of the work conducted at the laboratory. The treatability 
study work will be conducted by Messrs. John Lehman and Donald 
Ahern. Other technicians will also assist in treatability study 
work as necessary. 

0 
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3 0 QUALITY ASSURANCE OBJECTIVES 

The waste treatability study objectives are summarized in Section 
1.0. The data collection and quality assurance requirements 
described in this document are intended to provide data that are 
adequate in both number and quality to support completion of the 
treatability study. 

v 

3.1 Data Oualitv Objectives 

Data quality objectives (DQOs) are qualitative and/or quantitative 
statements regarding the quality of data needed to support the 
treatability study activities. In order to develop project- 
specific DQOs, the intended use of the data must be defined. This 
use must be balanced between data quality needs and time as well as 
cost constraints. 

Specific analytical protocols are selected to meet the DQOs in the 
following ways: 

0 Compare data needs to the detection limits for available 
analytical methods. 

0 Select analytical methods to allow quantification of the 
analytes at levels sufficiently below the data needs to 
minimize the number of critical data points. 

0 Evaluate the maximum allowable variability in the data based 
on the data needs comparison. 

0 Develop project-specific acceptable variability based on the 
intended data use and method-specific precision and accuracy 
information. 
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Table 3-1 presents a summary of the proposed analysis program for 
the treatability study of Ponds 207A, 207B (Series), 207C and the 
clarifier. Table 3-2 presents a summary of the proposed analysis 
program for the pondcrete treatability study. A summary of the 
proposed analysis program for the saltcrete treatability study is 
presented in Table 3-3. 

3.2 precision, Accuracy, ReDresentativeness, ComDleteness, 
and Conmarability (PARCC) Goals 

The quality of a data set is measured by certain characteristics of 
the data, namely the PARCC parameters. Some of the parameters are 
expressed quantitatively, while others are expressed qualitatively. 
The objectives of the waste characterization project and the 
intended use of the data define the PARCC goals. 

Precision and accuracy characterize the amount of variability and 
bias inherent in a data set. Precision describes the 
reproducibility of measurements of the same parameter for a sample 
under the same or similar conditions. Precision is expressed as a 

range (the difference between two measurements of the same 
parameter) or as a relative percent difference (the range relative 
to the mean, expressed as a percent). Range and Relative Percent 
Difference ( R P D )  values are calculated as follows: 

Range = OR - DR 

and 

where: 
OR 
DR 

R P D  = OR - DR x 100% 
1/2 (OR + DR) 

- - original sample result 
- - duplicate sample result 
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The internal laboratory control limits for precision are three 
times the standard deviation of a series of FWD or range values. 
R P D  values may be calculated for both laboratory and field 
duplicates, and can be compared to the control limits as a quality 
assurance check. Accuracy is the comparison between experimental 
and known or calculated values expressed as a percent recovery 
(%R). Percent recoveries are derived from analysis of standards 
spiked into deionized water (standard recovery) or into actual 
samples (matrix spike or surrogate spike recovery). Recovery is 
calculated as follows: 

f 

%R = E x 100% 
T 

where: 

E = Experimental result 

T = True value or theoretical result 

with 

T h e o r e t i c a l  r e s u l t  = _/Sample a l i s )  (Sample Conc.) + ( S p i k e  a l i a )  l S p i k e  Conc.) 
Sample a l i q u o t  

Control limits for accuracy are set at the mean plus or minus three 
times the standard deviation of a series of %R values. Organic %R 
values are set at the mean plus or minus two times the standard 
deviation. 

Analytical precision and accuracy will be evaluated upon receipt of 
the laboratory data. Analytical precision will be measured as the 
relative standard deviation of the data from the laboratory 
(internal) duplicates. Analytical accuracy measures the bias as 
the percent recovery frommatrix spike and surrogate spike samples. 
The requirements in Table 3-4 and Table 3-5 will be used for the 
organic analyses and the metal analyses. 
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TABLE 3-4 

Fraction Gurrogate Compounds 

VOA Toluene-d8 

4-Bromofluorobenzene 

1.2-Dichloroethane-d8 

SURROGATE SPIKE RECOVERY LIMITS 

Low/Medium 
Water Soil 

88-110 81-117 

86-115 74-121 

76-114 70-121 

ROCKY FIATS FACILITY 
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TABLE 3-5 

I 1 I 

MATRIX SPZKE RECOVERY LIMITS 
ROCKY FLATS FACILITY 

Low/Medium 

VOA 

Metals 

I I 
1 I I !I 11 Fraction surrogate Compounds I Water Soil 

1,l-Dichloroethene 61-145 59-172 

Trichloroethene 71-120 62-137 

Chlorobenzene 75-130 60-133 

Toluene 76-125 59-139 

Benzene 76-127 66-142 

All metals of interest 75-125 75-125 
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No project resources will be expended to develop precision and 
accuracy data for method (field or analytical) validation except 
those commonly applied for collection of routine QA/QC data. 

The I'CLP like" deliverable and data validation will be performed on 
the DQO Level IV analysis only. DQO Level IV is considered legally 
defensible data and is needed to satisfy the LDR requirements. The 
analysis within DQO Level I11 is engineering study data and is to 
be utilized solely within the treatability study and will not be 
validated. 

Validity of data (i.e., 95-percent confidence limit) with respect 
to its intended use will be assessed based on laboratory-supplied 
QA/QC data and protocols outlined in EPA's "Laboratory Data 
Validation Functional Guidelines for Evaluating Organic Analysis 
2/88" and llLaboratory Data Validation Functional Guidelines for 
Evaluating Inorganic Analyses 7 /88 . "  In general, results that are 
rejected by the validation process will be disqualified from 
application for the intended use. 
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4 .0  LABORATORY SAMPLE CUSTODY 

The laboratory representative who accepts the incoming sample 
shipment signs and dates the Chain-of-Custody Record, completing 
the sample transfer process. It is then the laboratory's 
responsibility to maintain internal logbooks and custody records 
throughout sample preparation and analysis. A brief summary for 
sample receipt, storage, and tracking is provided below. Further 
details are provided in Section QA-7 of the HALLIBURTON NUS 
Laboratory's General Quality Assurance Plan. 

4.1 Sample Receipt 

Samples arriving from the Rocky Flats facility will be treated as 
radioactive mixed waste. Upon sample receipt, radiation surveys 
shall be performed by the Radiation Safety Officer (RSO) or his 
designee. Containers will also be swipe-sampled and counted for 
gross alpha/beta activity to ensure that the outer drum has not 
been contaminated. If the sample radiation levels are greaterthan 
background-based instrument readings, they will be handled as 
radioactive materials and transferred to a controlled area. 

4.2 Sample Storacre 

The sample custodian shall place the samples in the appropriate 
primary storage area. Samples are retained in the primary storage 
area until work is completed. Samples are retrieved and stored by 
Sample Custodians or Analysts. 

4.3 Laboratory Sample Trackinq 

The HALLIBURTON NUS Pittsburgh Laboratory will maintain direct 
sample tracking showing the transfer of samples from secure, locked 
sample storage to the secure laboratory area and back to locked 
storage. To maintain chain-of-custody within the laboratory, 
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samples, sample extractions, and sample digestions are stored in 
locked areas when not in use for sample preparation or analysis. 
Keys to the locked storage areas are controlled by the Sample 
Custodian or designated laboratory personnel. 
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5.0 CALIBRATION PROCEDURES AND FREQUENCY 

Instruments used in the laboratory will be calibrated according to 
the procedures listed in the HALLIBURTON NUS Laboratory General 
Quality Assurance Plan, as summarized below: 

5.1 Volatile Orqanics 

Calibration of the GC/MS instruments will take place once the 
instrument tune requirements of Section 7 of the method are met. 
Calibration of the GC/MS instruments will be done for all' TCLP 
volatile compounds as per Section 2.0 of Appendix C of the 
laboratory's General Quality Assurance Plan. Ethyl acetate, ethyl 
ether, and1,1,2-trichloro-1,2,2-trifluoroethanewillbe calibrated 
using a 1-point initial calibration. 

5 . 2 -  Alcohols 

Calibration of the GC instruments will be done for the alcohols 
listed in Table 6-1 as per Section 2.0 of Appendix C of the 
laboratory's General Quality Assurance Plan except that a 3-point 
initial calibration will be performed. 

5.3 Metals 

Calibration of the instruments used for the metals analyses will be 
done as per Section 1.0 of Appendix D of the laboratory's General 
Quality Assurance Plan. 

5.4 Cyanide, DR, and Other Analytes 

These parameters will be calibrated according to Appendix E of the 
laboratory's General Quality Assurance Plan. 
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6.0 TREATABILITY STUDY PROCEDURES 

6.1 Analytical Procedures 

The analytical procedures to be used are summarized in Table 6-1. 

6.2 Bench-Scale Desian Procedures 

6.2.1 Accelerated Curing Procedure 

The procedure will be as per ASTM C684-89 "Making, Accelerated 
Curing, and Testing of Concrete Compression Test Specimens" with 
the following modifications: 

Molds - Single use, JATCO polyethylene 2-in. dia. by 4-in. 
high molds to be used. The top of the specimen is 
to be leveled and covered with paraffin then capped 
to prevent specimen loss during curing. 

Curing time - 48 hrs. 2 30 min. shall be the duration of the 
curing time using Procedure A - Warm Water Method. 

- Slump and air content measurements will not be 
required. 

6.2.2 Mixing Procedure 

The particular wastes to be treated in the solidification study 
are: 

207A Sludge 
e 207B Sludge 
e Clarifier Sludge 

207C Slurry 
e Pondcrete 

Saltcrete 
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. : 

lETm 

AYMYSIS SOLID LIQUID/MTRACT I 

TABLE 6-1 

TCLP Leach SU 1311 
ASTM Leach ASTM D3987-85 

AnMYlIuL 
TREATABILITY STLlDY 

ROCKY FIATS 

- - -  
- - -  

PHYSICAL PARAMETERS 
I 

Accelerated curing 
Bulk density 
Freeze/thau resistance 
Moisture (gravimetric) 
Percent Mater (Karl Fisher) 
Paint Filter Liquid Test 
Solid/Liquid Test 
Specific gravity 
Specific gravity (as discreet 
particles 

Unconfined compressive 
strength (UCS) 

Uet/dry resistance 
VG Fam Viscometer 

ASTM C684-89'l) 
Agronomy No. 9, (& 30 

ASTM 0560-89 
ASTM 02216-90 
ASTH E203-75 

su 9095 
ASTM D4359-90 
ASTM 0854-91 

Air pycnometry (per . 
suggested method) ( a g  

ASTH D4219-83 

ASTM D559-89(2) 
Per Manufacturer!:! 

Mud balance I Per - _ -  

ORGAN I CS 

Methanol ASTH D3695-88 I ASTM D3695-88 

ll METALS 
Aluninun 
Arsenic 
Antimony 
Bar i un 
Beryl 1 iun 
Boron 
Cedmiun 
Calciun 
Chromiun, total 
Coba 1 t 
Copper 
Iron 
Lead 
Megnesiun 
Manganese 
Mercury 
Nickel 
Pot ass i un 
Seleni un 
Silicon 

SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SV 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SU 3050/7470 
SU 3050/6010 
SU 3050/6010 
SU 3050/6010 
SW 3050/6010 

- - -  
SU 3010/6010 

SU 3010/6010 
- - -  
- - -  
- - -  

SW 3010/6010 

SU 3010/6010 
_ _ -  
- - -  
- - -  
- - -  

SU 3010/6010 - - -  
- _ -  

SU 3010/7470 
SU 3010/6010 

SW 3010/6010 
- - -  

- - -  
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TABLE 6-1 
A l u L n I u L  S L m M Y  
TREATABILITY STUlY 
Roa(r FIATS 
PAGE 2 

Si lver SU 3050/6010 
SU 3050/6010 Sodiun 
SU 3050/6010 Stront iun 
SU 3050/6010 Thalliun 
SU 3050/6010 Tin 
SU 3050/6010 Vanadi un 
SU 3050/6010 Zinc 

SU 3010/6010 _ - -  
- - -  
- - -  
- - -  - - -  _ _ -  

OTHERS 

Alkalinity, carbonate 
Alkalinity, IKJ 
Alkalinity, phenolphthalein 
Ammnia 
Chloride 
Cyanide (total and amenable) 
Fluoride 
Nitrate 
PH 
Phosphorus, total 
Specific conductance 
Sulfate 
Sulfide 
Total dissolved solids 
Total organic carbon 
Total solids 
Viscosity 

Americiun (Am-241) USOOE/EH-0053, August 1987 

Plutoniun (Pu-239/Pu-240) AC-MH-2, 1972, Oak Ridge 
(gemne spec) 

(Draft) 

EPA 310.($:) 
SM 403 

EPA 350& 
SU 9251 

ASTN D203~49 
EPA 340.2 
EPA 353.ZC3) 

EPA 365.2 
EPA 120.1:;’ 

SU 9096 

EPA 160.1 
Ualkley-Black 
EPA 160.3 

sn 4 0 3 ~ ~ )  

su 9045(3, 

su 9030(~) 

_ - _  

- - -  

_ - -  

SU 9045 

ASTM D1084 
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TABLE 6-1 
AYALITICAL W Y  
TREATABILITI SllDl 
Roan FUTS 
PAGE 3 

SU-846 Test Methods for Evaluation of Solid Uaste, Physical/Chemical Methods, 3rd Edition. 

Methods for Chemical Analysis of Uater and Uastes, EPA 600/4-79-020. 

American Society for Testing and Materials. 

Wodifications to these methods include: 

Stabilized uaste to be set, uncanpacted, in 2 in. dia. by 4 in. high polyethylene molds instead of 
canpacted in metal molds. 

Curing time is to be phase specific instead of the 7-day time suggested by the method. 

Modification to this method includes 48-hour cure rather than 24 hwrs 

Follouing dissolution in deionized uater. 

Procedure included as Appendix C. 

Procedure included as Appendix E. 

Procedure included as Appendix F. 
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6.2.2.1 Preparation 

Representative aliquots of the waste media to be solidified will be 
taken from the sample storage drums and, when specified, passed 
through the 10 mesh sieve to determine whether further grinding 
will be necessary. 

\ 

6.2.2.2 Weighing 

The waste and ingredients of the particular batch will be weighed 
on an analytical balance to the nearest 0.019 and the weight 
recorded. 

6 . 2 . 2 . 3 Mixing 

Ingredients for the particular batch are to be mixed using the 
Hobart mixer for 5 minutes. The speed of the mixing will be 
initially determined by the technician and will be held constant 
for all batches. Cylinders shall be filled completely and leveled 
off. After the cylinders are leveled off, paraffin will be used as 
well as capping to ensure a seal. 

6 . 2 . 2 . 4 Cleanup 

Equipment must be decontaminated (cleaned) before the next batch is 
mixed. 

6.2.3 Jar Test 

The Jar Test will provide the identity and concentration of the 
coagulant/polymer to effectively flocculate the sludge mixtures. 
Waste to be analyzed f o r  this test are: 
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e 207A Sludge + Pond Water 
e 207B Sludge + Pond Water 
0 207A/B Sludge + Pond Water 

Equipment and procedure will follow "Jar Tests;I1 pages 36-39, Water 
and Wastewater' Technology by mark J. Hammer. A copy of this 
procedure is provided in Appendix A. 

6 . 2 . 4  Bulk Settling Rate Test 

The Bulk Settling Rate Test will provide the data necessary to 
determine the size of clarifier needed. Wastes to be analyzed for 
this test are: 

e 207A Sludge + Pond Water with/without coagulant/polymer 
0 207B Sludge + Pond Water with/withbut coagulant/polymer 
e 207A/B Sludge + Pond Water with/without coagulant/polymer 

The sludge mixtures are to be sieved to less than 325 mesh with the 
coagulant/polymer concentration determined by the Jar Test. A copy 
of this procedure is provided in Appendix B. 

6 . 2 . 5  Disaggregation Test 

The Disaggregation Test will determine the effect of pond water on 
the structural integrity of the previously solidified wastes. 
This will provide useful information for milling considerations 
within the process. Wastes to be analyzed for this test are: 

e Pondcrete 
e Saltcrete 

A copy of the procedure is provided in Appendix C. 
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6.2 .6  Pressure Filter Test 

This test is to be performed by Larox personnel at the HALLIBURTON 
NUS Laboratory using the Larox Laboratory Filter Labox 25. The 
purpose of this test is to determine the maximum percent solids 
achievable through pressure filtration of the particular waste. 
Wastes to be analyzed for this test are: 

0 Pondcrete 
0 Saltcrete 

Pondcrete and saltcrete will be used on an "as-received" basis 
(<lo mesh). The percent solids of these mixtures will be 
determined from the preliminary design of the process. A copy of 
the procedure to be used is provided in Appendix D. 

6.2.7 Viscosity Test 

Viscosity testing will be preformed using a Fann V-G Viscometer. 
This equipment is capable of providing the plastic viscosity, yield 
point, and gel strength of the product slurry. Consistency curves 
and thixotropic studies can be preformed from the data acquired. 
Wastes to be analyzed for this test are: 

0 207A/B with Pozzolons 
0 207C with Pozzolons 
0 207C and Clarifier with Pozzolons 
0 Pondcrete with Pozzolons 
0 Saltcrete with Pozzolons 

The procedure will follow manufacturers suggested operating 
instructions as provided in Appendix E. 
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6.2.8 Mud Balance Test 

The mud balance testing uses the TRU-WATE cup for measuring the 
absolute density of cement slurries. This modified procedure 
enables the product slurries to be placed under pressure to 
eliminate the air entrained in the slurries to get an accurate 
density of the material. Waste to be analyzed for this test are: 

0 207A/B with Pozzolons 
0 207C with Pozzolons 
0 207C and Clarifier with Pozzolons 
0 Pondcrete with Pozzolons 
0 Saltcrete with Pozzolons 

A step-by-step procedure for the operating of the TRU-WATE cup is 
provided in Appendix F. 

6 . 2 . 9  Pycnometer Testing 

The bulk densities of the product slurries will be determined using 
a multipycnometer. The equipment used is a Quamtachrome 
Corporation's multipycnometer model MVP-1. Waste to be analyzed 
for this test are: 

, 

0 207A/B with Pozzolons 
0 207C and Pozzolons 
0 207C/Clarifier and Pozzolons 
0 Pondcrete with Pozzolons 
0 Saltcrete with Pozzolons 

The procedure for determining the bulk density by multipycnometer 
is as described in the llOnsite Lab Operating Instructions, 
Deliverable #316, Section RF-10" and provided in Appendix G. 
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6.2.10 Disposal of Laboratory Wastes 

The amount of radioactive material permitted in the laboratory at 
any one given time is strictly regulated. It is of vital 
importance that all residual material, unused sample, and all solid 
and liquid wastes produced in these studies be removed from the 
laboratory before additional feed wastes are accepted for study. 

f -? 

The details of the disposal and/or removal of the wastes generated 
in the Treatability Study is discussed in the letters provided in 
Appendix I. 
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7.0 INTERNAL QUALITY CONTROL CHECKS 

Quality Control checks to be implemented in the laboratory are 
described in this section. Laboratory analyses will be conducted 
in accordance with the appropriate analytical methods (See 
Table 6-1) .  Internal laboratory quality control checks may include 
surrogate and matrix spike addition and analysis and reagent blank 
generation and analysis. Internal laboratory quality control 
checks are described below. 

7.1 Volatile Oraanics 

The quality control procedures routinely employed in gas 
chromatography/mass spectrometry (GC/MS) analyses of water and 
soil/sediment for Volatile Organics Analysis (VOAs) are presented 
below: 

7.1.1 Mass Spectrometer Calibration and Instrument anU Column 
Performance Evaluation 

The mass assignment and resolution of the mass spectrometer is 
calibrated using perfluorotributylamine (FC-43). After that, the 
system performance is evaluated daily by injecting 50 ng of 
bromofluorobenzene (BFB) for VOAs. The ion abundance criteria 
specified in the method must be met before any analyses are 
attempted. If difficulty is encountered in meeting the criteria 
for BFB, the mass spectrometer is turned and re-evaluated until the 
requirements for BFB are met. 

7.1.2 Standardization 

The GC/MS is calibrated initially with five standards covering the 
working range of the instrument. 
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. I  

Each day that ana3yses are performed, the instrument is 
standardized against a standard solution containing the compounds 
of interest. A Response Factor (RF) is determined by the Internal 
Standard (IS) method each time the standardization is performed. 
Internal standards, which are usually deuterated compounds, are 
added to all standards as well as to all blanks and samples before 
injection into the GC/MS system. For VOAs, three internal 
standards are added. Internal standard areas for each sample are 
monitored to detect changes in instrument conditions. The 
standardization response factor is calculated as follows: 

\ 

Where: 
As - - integrated area of the characteristic ion for the 

compound in the standard. 
AIS - - integrated area of the characteristic ion for the 

internal standard. 
CIS - - amount (mg) of the internal standard. 
cs - - amount (mg) of the compound in the standard. 

A constant amount of internal standard is added to all samples, and 
the concentration (C,) of the compound in the sample is calculated 
using the following equation: 

Where : 
vo - - is the total volume of original sample in liters. 
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7.1.3 Surrogate Standards 

Surrogate standards, which are deuterated or halogenated compounds, 
are added to all samples and blanks during sample preparation. The 
recoveries of the surrogate compounds are used to isolate any 
problems that could occur throughout the entire analytical process. 
Three surrogates are used for VOAs. The acceptance criteria for 
the recoveries of the surrogate compounds are presented in 
Table 3-4. 

7.1.4 Blanks 

The analysis of blanks is most important in the purge and trap 
technique used for VOAs since the purging device and the trap can 
be contaminated by residues from samples containing significant VOA 
concentrations or by vapors in the laboratory. Blanks are prepared 
by filling a sample bottle with low-organic water, which has been 
prepared by passing deionized water through an activated carbon 
column. Blanks are analyzed daily, prior to sample analysis. 

7 . 1 . 5  Matrix Spike Duplicates 

At a frequency of one sample in 20 samples of similar matrix, 
matrix spike analysis is performed in duplicate for volatile 
organics. Matrix spikes are prepared by adding a known amount of 
standard to actual samples. For the volatile organic spiked 
fractions, two separate purge and trap concentrations are performed 
and analyzed as routine samples. The acceptance criteria for 
evaluating precision and spike recoveries are presented in 
Table 3-5. 
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7.2 Alcohols 

The quality control procedures routinely employed by Gas 
Chromatography (GC) analyses of water for alcohols are presented 
below: 

7.2.1 standardization 

The GC is calibrated initially with three standards covering the 
working range of the instrument. 

Each day that analyses are performed, the instrument is 
standardized against a standard solution containing the compounds 
of interest. A Calibration Factor (CF) is determined by the 
Internal Standard (IS) method each time the standardization is 
performed. Internal standards,' which are usually deuterated 
compounds, are added to all standards as well as to all blanks and 
samples before injection into the GC system. Internal standard 
areas for each sample are monitored to detect changes in instrument 
conditions. 

The standardization calibration factor is calculated as follows: 

Where : 
A, = the integrated area of the characteristic peak for 

the compound in the standard. 
the amount (ng) of the internal standard. 

The concentration (C,) of the compound in the sample is calculated 
using the following equations: 

Deliverable (Combined) 231A, 2318, 231C, and 231E 
Treatability Study Work Plan - Rev. 1 
(December 1992) 

7-4  



Where: 
Ax - - 
Vt - - the total volume (ml) injected. 

the integrated area of the compound being measured. 

7.2.2 Blanks 

An aliquot of deionized water is taken through each preparation 
procedure each day samples are analyzed as a check for glassware 
and reagent contamination. 

7 . 2 . 3  Matrix Spike Duplicates 

At a frequency of one sample in 20 samples of similar matrix, 
matrix spike analysis is performed in duplicate for the alcohols. 
matrix spikes are prepared by adding a known amount of standard to 
actual samples. 

7.3 Metals 

The quality control procedures routinely employed in inorganic 
chemistry analyses are presented below: 

7.3 .1  Standardization 

Precision and accuracy are an integral part of quality control, but 
they are only effective when instruments, solutions, and procedures 
have been standardized. Solutions are standardized by preparing 
standards of known purity and concentrations and using these 
standards to evaluate other solutions. Standards are either 
traceable to the National Bureau of Standards, or they are 
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certified by the manufacturers to contain a known concentration of 
analyte. 

\ 

Standardization of instruments and methods is accomplished by 
preparing a series of standardized solutions and analyzing the 
standards according to a written procedure. From the results of 
the standards analyses, standard curves are constructed and usedto 
determine the concentration of the species in each sample. 

Standard curves are particularly useful in quantitative analyses 
using spectrophotometry. many spectrophotometric methods adhere to 
Beer's Law, which states that the adsorptivity of a substance is 
constant with respect to changes in concentration. For those 
calorimetric methods that adhere .to Beer's Law and produce 
repeatable, stable color complexes, complete standard curves are 
performed at a minimum of once every 6 months. For metals analyses 
by atomic adsorption spectrophotometry, complete standard curves 
are performed each day that analyses for a particular metal are 
performed. 

A number of methods follow Beer's Law, but for may reasons the 
standards are not reproducible from day to day, chemist to chemist, 
or reagent to reagent. When these methods are used, a complete set 
of standards is run either each day or with each set of samples. 

7.3.2 Verification Standards 

In general, methods that do not require a complete daily standard 
curve require the analysis of at least one standard each day to 
verify instrument and method performance. The results of the daily 
standard analyses must be within the control limits, which are set 
at the mean of 26 to 51 values (depending on the current number of 
available values) 23 times the standard deviation. Appropriate 
corrective measures must be taken if the acceptance criteria are 
not met. 
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7 . 3 . 3  Preparation Blanks 

An aliquot of deionized water is taken through each preparation 
procedure each day samples are prepared as a check for glassware 
and reagent contamination. 

' >. 
) 

7.3 .4  Duplicates 

One in 20 samples analyzed for a specific parameter is run in 
duplicate each day. Differing aliquots are used in many instances 
to conserve sample and to test for matrix interferences. 

7 . 3 . 5  Matrix Spikes 

One in 20 samples analyzed for a specific parameter is spiked with 
the analyte each day, for those parameters for which a stable 
standard is available. An aliquot of standard solution is addedto 
the sample. 

7 . 4  Cyanide, DH, and Other Analvtes 

The quality control procedures are detailed in Appendix E of the 
Laboratory's General Quality Assurance Plan. 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 
i-7 

Data reduction, validation, and reporting will be conducted as 
described below. 

8.1 Data Reduction 

The calculation of final results from raw data varies from 
parameter to parameter with the calibration approach. The ratio of 
instrument response to analyte concentration is determined for one 
or more standards. In general, if the concentration/instrument 
response ratio is linear, the average of the ratios is used to 
calculate sample results. If the response is not linear, response 
is plotted against concentration., and sample results are 
quantitated from the resultant curve. 

Results are generally expressed to two significant figures. 
Organic results for liquid samples are generally expressed in ug/L, 
while organic results for solid samples are expressed in ug/kg. 
Inorganic results for liquid samples are generally reported in ug/L 
or mg/L, while inorganic results for solid samples are expressed in 
mg/kg* 

8.2 Data Validation and ReDortinq 

The results of quality control checks are the primary tools used 
for data validation. Quality control checks are described in 
Section 7.0. Acceptance criteria (control limits) are discussed in 
Section 3.0. Raw data and final results are reviewed by the 
laboratory group leader on a daily basis. The group leader 
confirms that documentation is complete and legible; qualitative 
identifications are accurate; calculations are accurate; results 
are expressed in the appropriate units and number of significant 
figures; and the required quality control checks were run and met 
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,.. ... acceptance criteria. 
by the group leader. 

Review and approval of the data is documented 
{ 'j 

The I1CLP-equivalentl1 deliverable and data validation will be 
performed on the DQO Level IV analyses only. DQO Level IV is 
considered legally defensible data and is sufficient to document 
compliance with LDR requirements. The analyses within DQO Level 
I11 are engineering study data and will be utilized solely within 
the treatability study and will not be validated. 

The tabulated chemical-analytical data generated by the laboratory 
will be sent to the sampling coordinator who will log it into the 
validation tracking system. The data will be validated by the 
HALLIBURTON NUS Chemistry and Toxicology Department. Validation of 
the chemical-analytical data will include a quality assurance 
assessment to determine whether specified protocols were followed 
by the laboratory personnel. Results for field blanks and 
duplicates will be reviewed for consistency (i.e., relative percent 
difference values) and to identify laboratory artifacts. The 
laboratory will provide reagent blank, surrogate spike, and matrix 
spike results. This information will also be reviewed through 
comparison with the specified control limits (see Section 3.0). 
All validation will be performed using EPA's IILaboratory Data 
Validation Functional Guidelines for Evaluating Organic Analyses 
2/88" and llLaboratory Data Validation Functional Guidelines for 
Evaluating Inorganic Analysis, 7 / 8 8 "  as a reference. The 
functional guidelines will be used in conjunction with additional 
criteria set forth by EPA Region VIII. Documentation of the 
validity of laboratory results will be provided to the HALLIBURTON 
NUS Project Manager in the form of letter reports. 

Chemical-analytical data generated during the study will be reduced 
to a concise form for presentation in the Final report. The 
analytical results will be managed using an existing computer 
program developed by HALLIBURTON NUS specifically for chemical data 
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bases. This program is capable of handling a large number of 
chemicals and will be customized to accommodate all indicator 
parameters. Quality assurance procedures will be implemented to 
assure that no errors occur during data entry. The data entered 
into the program are checked by the computer operator, and the 
printouts are checked against the original laboratory sheets by a 
chemist. 
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9.0 LABORATORY PERFORMANCE AND BY8TEM8 AUDIT8 
\ 

Performance and systems audits are described in Sections QA-11 
and QA-12 of the HALLIBURTON NUS Laboratory's General Quality 
Assurance Plan. The HALLIBURTON NUS Laboratory Services Group 
(LSG) participates in the following external performance audits in 
addition 
program. 
request. 

0 

0 

0 

0 

0 

0 

0 

0 

to their own internal blind quality control sample 
A copy of the results of these studies is available upon 

1 

EPA Water Supply Studies (annually) -- Pittsburgh and 
Houston 

EPA Water Pollution Studies (annually) -- Pittsburgh and 
Houston 

EPA DMR-QA Studies (annually) -- Pittsburgh and Houston 

New York State DOH Non-Potable Water and Hazardous Waste 
Studies (semi-annually) -- Pittsburgh 

NIOSH PAT Rounds (quarterly) -- Houston 

EMSL-LV Radiochemistry Cross Check Studies (monthly) -- 
Pittsburgh 

Oklahoma Water Resources Board Studies (semi-annually) -- 
Houston 

Water and Wastewater Analysts Association (monthly) -- 
Houston 
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. .  

Certifications held by LSG are listed below: 

e 

0 

0 

e 

e 

e 

e 

e 

0 

American Industrial Hygiene Association -- Asbestos by 
PLM, fiber count, metals, and organics accreditation 
(Houston) 

California Department of Health Services -- Hazardous 
waste certification (Pittsburgh) 

Florida Department of Health and Rehabilitative Services 
-- Wastewater certification (Houston) 
Kansas Department of Health and Environment -- Wastewater 
certification (Pittsburgh) 

National Voluntary Laboratory Accreditation program 
(NVLAP) -- Asbestos by PLM accreditation (Houston) 

New York Department of Health -- Wastewater and solid 
waste certification (Pittsburgh) 

North Carolina Department of Natural Resources and 
Community Development -- Wastewater certification 
(Pittsburgh) 

Nuclear Regulatory Commission -- Class B Broad Scope 
Materials License (Pittsburgh) 

Oklahoma Water Resources Board -- Wastewater 
certification program (Houston) 

Pennsylvania Department of Environmental Resources -- 
Drinking water certification (Pittsburgh) 
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0 New Jersey Department of Environmental Protection -- 
Drinking water and wastewater certification (Pittsburgh) 

0 Texas Water Commission -- Wastewater analysis approval 
(Houston) 

0 Utah Health Laboratory -- Drinking water and wastewater 
certification (Houston) 

0 Water and Wastewater Analysts Association (Houston) 

In addition, EG&G has audited the Pittsburgh laboratory for this 
project. . 
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10.0 tAB0RATORY PREVENTIVE MAINTENANCE c- - ‘‘1 
Preventive maintenance activities are described in Section QA-13 
and Appendix J of the HALLIBURTON NUS Laboratory‘s General Quality 
Assurance Plan. 
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,.a- ; ') 
11.0 DATA ASSESSMENT FOR PRECISION, AOCURACY, 

ANJ3 COMPLETENESS 

Procedures to assess data quality are described in Section QA-8 of 
the HALLIBURTON NUS Laboratory's General Quality Assurance Plan. 
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12.0 SAMPLE, TREATED WASTE SPECIMBN, AND 
ANAItYTICAL WASTE DISPOSITION 

The HALLIBURTON NUS Laboratory in Pittsburgh, Pennsylvania will be 
returning all treatability study samples, treated waste specimens, 
and wastes associated with the analysis of these samples and 
specimens to the Rocky Flats Plant. Wastewaters generated in the 
treatability study will be filtered and disposed of by the 
HALLIBURTON NUS Laboratory as discribed in the letter 
(C-28-91-PVF-1052) provided in Appendix I. 

The Laboratory will handle the waste as discribed in AP-017. 
"Packaging and Shipment of Solar Pond Project Samples f o r  Return to 
Rocky Flats" provided in Appendix I. Additional criteria that 
compliments this document is included below: 

12.1 seqrecration of t h e  wastes 

The laboratory will segregate the wastes as follows: 
0 Halogenated solvent waste 
0 Non-halogenated solvent waste 
0 Acid waste 
0 DI water waste 
0 Unused sample 
0 Treated waste specimens 

12.2 Shippinq t h e  Wastes 

Prior to each return shipment, the following information will be 
faxed to J. D. Roberts: 

1. Description of what is being shipped (number, type and 
contents of containers, etc.) 

2. Name of the truck line transporting the material. 

Deliverable (Combined) 231A, 2318, 231C, and 231E 
Treatability Study Uork Plan - Rev. 1 
(December 1992) 

12-1 



3. Date and material leaves your laboratory. 

4. The estimated time of arrival at the Rocky Flats Plant. 

The fax number of the Traffic Department is (303) 966-4588. 

The shipping address of the plant is: 

EG&G Rocky Flats, Inc. 
Rocky Flats Plant 
Rocky Flats, CO 80403 

Attn: J. D. Roberts 
Building 788 
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APPENDIX A 

JAR TESTS 



. .  

JAR TESTS 

The effectiveness of chemical coagulation of water or wastewater 
can be experimentally evaluated in the laboratory by using a 
stirring device. The stirrer consists of six paddles capable of 
variable-speed operation between 0 and 100 rpm. In making tests, 
1 liter or more of water is placed in each of the jars or beakers, 
and is dosed with different amounts of coagulant. After rapid 
mixing to disperse the chemicals, the samples are stirred slowly to 
promote floc formation and then are allowed to settle under 
quiescent conditions. The jars are mixed at a speed of 60 to 80  

rpm for 1 min after adding the coagulant solution and then are 
stirred at a speed of 30 rpm for 15 minutes. After stopping the 
stirrer, the nature and settling characteristics of the floc are 
observed and are recorded in qualitative terms, as poor, fair, 
good, or excellent. A hazy sample indicates poor coagulation, 
while properly coagulated water contains floc that are well formed 
with the clear liquid between particles. The lowest dosage that 
provides good turbidity removal during a jar test is considered as 
the first trial dosage in plant operation. Ordinarily a full-scale 
treatment plant gives better results than a jar test at the same 

l dosage. 

For research or special studies, the beakers used in jar testing 
may be modified to more closely replicate actual mixing units 
constructed in treatment plants. Actual treatment plant operations 
may dictate a change in mixing and settling times to match those 
being used in water processing. Since other factors such as 
temperature, alkalinity, and pH influence coagulation, jar tests 
can also be run to evaluate these parameters and to determine 
optimum dosages under differing conditions. In addition to the 
affect of variation in water quality on chemical dosage, special 
studies can be conducted to measure optimum application of 
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1- .) coagulant aids, such as polymers or activated silica w i t h  t h e  

primary coagulant. 
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APPENDIX B 
BULK SETTLING RATE TEST 



BULK IJETTLING RATE TEBT 

1. 

2. 

Armaratus 

a. Either a 1 or 2 liter graduated cylinder. 

b. Timer 

Procedure 

a. Place feed waste, at the correct dilution and 
temperature, in a graduated cylinder. The correct 
dilution for a bulk settling rate determination is that 
dilution at which the demarcation between settling flocs 
and cloudy liquid can just be discerned. If a definite 
line forms as in zone settling, the sludge is too thick; 
if the only noticeable zone of solid-liquid demarcation 
is the buildup of settled floc on the bottom. of the 
cylinder, the sludge is too thin. The coagulant/polymer 
concentration will be determined by the jar test. The 
room temperature should be to investigate the expected 
extremes since temperature has a pronounced effect on 
settling rates. Also, this test should be run at several 
dilutions to make certain that the settling rate is 
determined at a point where solids concentration is not 
adversely affecting the bulk settling rate. 

b. Mix the sludge by moving a glass stirring rod with a 
rubber stopper at one end, up and down in the cylinder at 
a rate just sufficient to achieve complete sample 
homogeneity and then start the time. 

c. Record the time versus sludge volumes as the bulk of the 
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solids settle from 800 to 900 cc's to 400 to 500 cc's 
using any convenient sludge volume interval. If the 
sludge volume cannot be determined near the top of the 
cylinder, as is often the case, start the timer 
immediately after mixing the sludge and try to read the 
time at a sludge volume of 300 to 400 cc's. 

d. Plot the data as cylinder volume, ml vs. settling time, 
min. With the data points within upper and lower limits 
of the curve which form a straight line calculate the 
bulk settling rate (BSR) as follows: 

BSR(ft/hr) = A cc x 60 min/hr 

where : 

A min x (cylinder calibration, cc/ft) 

1) cylinder calibration for a one liter cylinder = 883 
cc/ft 

2) cylinder calibration for a two liter cylinder 
1482 cc/ft 

Plant Design Overflow Rate (ft/hr) = 0 .5  x BSR 

The overflow rate values calculated for data collected 
under conditions of maximum acceptable sample dilution 
are used for design purposes. 
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APPENDIX. c 
TEST PROCEDURE FOR PONDCRETE/SALTCRETE 

DISAGGREGATION TEST 



Test Procedure f o r  Pondcrete/Saltcrete Disaggregation Test 

The disaggregation test requires a 1 kg representative sample of 
each as-is Pondcrete sample to be tested. The sample should not 
have been previously reduced in size, and if necessary can be a 
composite of similar materials. All of the weights requested and 
observations noted should be recorded on the attached data sheet. 

1. 

2. 

3. 

4 .  

5 .  

If the material contains more than 5 to 10% moisture, remove 
the excess by filtration using a Buchner funnel and a medium 
pore, quantitative type filter paper. Measure the weight, 
volume, and TDS of the filtrate and hold the filtrate for 
possible metal analyses. 

Place the -1 kg of sample (less than 10% moisture) in a 
preweighed drying pan, obtain a wet weight, and dry 12 to 14 
hours in an oven maintained at 45O Celsius. Measure the dry 
weight of the sample. 

Blend the dried sample by repeated passes through a Jones-type 
riffle splitter (minimum 5 passes) and then split the sample 
into two samples of approximately 500 grams each. Weigh each 
split. 

Dry screen split llA1l at the following U.S. Sieve (or Tyler 
equivalent) sizes: 75 mm (311), 37.5 mm ( 1 . 5 ~ ~ ) ~  19 mm (0.75~~)~ 
9.5 mm (0.375"), 4.75 mm ( # 4 ) ,  2 mm (#lo), 0.85 mm (#20), 0.30 
mm (#50), 0.15 mm (#loo), 0 . 0 7 5  mm (#200). Weigh each size 
fraction including the -0.075 mm fraction. Report the weights 
of each size fraction along with the size distribution. 

Place split lrB1l in a 2000 ml beaker and add twice the sample 
weight (approximately 1000 ml) of distilled water. Cover the 
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beaker with a plastic covering and secure with a rubber band. 
Allow the sample to set submerged for 24 hours, periodically 
observing the condition of the solids and solution (i.e., 
cracks developing in particles, particles disintegrating, 
color of solution, gas evolution, etc.). 

6.  Filter the solids as in Step 1. 

7 .  Dry the solids as in Step 2. 

8.  Screen the solids as in Step 4 .  

9 .  Review the data sheet and make sure all of the data requested 
has been obtained, and all observations have been noted. 

The above procedure is preferred, however, if obtaining a 
sufficient sample quantity is a problem, then the following 
procedure using only 500 grams of representative sample of each 
Pondcrete or Saltcrete sample can be used. All of the weights 
requested and observations noted should be recorded on the attached 
data sheet. 

Al. If the material contains more than 5 to 10% moisture, remove 
the excess by filtration using a Buchner funnel and a medium 
pore, quantitative type filter paper. Measure the weight, 
volume, and TDS of the filtrate and hold the filtrate for 
possible metal analyses. 

A2. Place the 500 grams of sample (<5 to 10% moisture) in a 
preweighed drying pan, obtain a wet weight, and dry 12 to 14 
hours in an oven maintained at 45O Celsius. Measure the dry 
weight of the sample. 
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A3. D r y  screen split at the following U.S. Sieve (or Tyler 
equivalent) sizes: 75 mm (3"), 37.5 mm (1.5"), 19 mm (0.75")~ 

mm (#50), 0.15 mm (#loo), 0.075 ram ( #ZOO) .  Weigh each size 
fraction including the -0.075 nun fraction. Report the weights 
of each size fraction along with the size distribution. 

(- -1 

9.5 mm (0.375"), 4.75 mm ( # 4 ) ,  2 mm (#lo), 0.85 mm (#20), 0.30 

A4. After weighing each size fraction, recombine them in a 2000 ml 
beaker and add twice the sample weight (approximately 1000 ml) 
of distilled water. Cover the beaker with a plastic covering 
and secure with a rubber band. Allow the sample to set 
submerged for 24 hours, periodically observing the condition 
of the solids and solution (i.e., cracks developing in 
particles, particles disintegrating, color of solution, gas 
evolution, etc.) . 

A5. Filter the solids as in Step Al. 

A6. Dry the solids as in step A2. 

A7. Screen the solids as in Step A3. 

A8. Review the data sheet and make sure all of the data requested 
has been obtained, and all observations have been noted. 
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a. 

3 0  

4 .  
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WEIGHT OF EACH SPLIT 

SCREEN ANALYSES 

(After Dimagg.) 

. .  
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s. 

6 ,  

7,  

0 .  

OBSERVATIONS 

.. 

FINISEI DATE AND TIXE: 

FILTER SPLIT B APTER ZMMERSION M D I S T I U D  WATER . .  FILTRATE WEIGHT g== 
FILTMTE VOWHE m l  
FILTRATE TD8 P P  
FILTRATE mAL UJALYSfS (=/NO) 

IF “YES“ ATTACH ANALYTICAL REPORT 

6PLIT B UEICHT A R Z R  FILTRATION 
PAN TARE WEIdHT Qr- 
PAN + WET SAMPLE gr- 
PAN + DRY SAMPLE w- 
WET SAMPLE PQESGXT Qr- 
DRY SAMPU WEIGHT gr- 

6caEEH MALYSXS - REPORT ABOVE IN TABLE 

c-5 
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APPENDIX D 

PROCEDURE FOR THE LAROX LABORATORY FILTER 

LABOX 25 
- 1  



PROCEDURE FOR TEE LAROX LABORATORY FILTER LABOX 25 

CHOICE OF FILTER CLOTH: 

The Labox filter comes with two different cloth fabrics. When an 
extremely pure filtrate is desired, the best choice for filter 
cloth is No. 71-2209K3. For high capacity and low moisture, No. 
71-2155 is recommended. 

HOW TO USE THE FILTER: 

Place the filter cloth of your choice over grid in filtrate vat. 
Place sealing on top of the cloth, fasten cylinder into filtrate 
vat by turning it and tighten the joint manually. 

PUMPING: 

Pour mixed slurry into cylinder (maximum 150 ml of slurry). 

Put cylinder and piston between moving pressing plate and upper 
pressing plate so that the claws go into corresponding grooves 
located in the upper and lower part of the cylinder-piston unit. 
Make sure that air on/off valve is closed. 

' . Set the pumping pressure in pressure regulator (1.5 bar = 4 bar 
pumping pressure). Place filtrate vat underneath filtrate hose. 
To start pumping turn cylinder drive valve latch up. Continue 
pumping cycle as long as cylinder moves. 

If the thickness of the cake thus formed seems satisfactory, 
proceed to PRESSING cycle. However, if the cake thickness is not 
suitable, press drive valve cylinder latch down, whereupon cylinder 
goes down. Now you can remove the cylinder and piston, and add some 
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I slurry in the cylinder. To get a desired cake thickness, repeat 
pumping cycle as many times as necessary. 

PRESSING : 

Set pressure in pressure regulator to match the desired compressing 
pressure (e.g. 6 bar= 16 bar compressing pressure). Turn cylinder 
drive valve latch up, and set stopwatch to measure the time used 
for pressing time. To end pressing cycle turn cylinder drive valve 
latch to OFF-. If cake wash is desired, go to CAKE WASH. 

AIR DRYING: 

Push in limit knob for cylinder movement and start air drying. 
Turn air distribution valve to AIR BLOW and open air on/off valve 
by turning it carefully about 1/4 of a turn. The cylinder starts 
now to go down, stopping against limiter. When air starts to come 
out of filtrate hose, set watch to take the time used for drying. 
To stop air drying turn first air distribution valve to AIR OUT,  

whereupon pressure is released from the chamber. After this turn 
air onloff valve off. 

CAKE DISCHARGE: 

. -  

To rentove the cake turn first cylinder drive valve latch up for a 
moment.. .After cylinder has moved up a little, turn drive valve 
latch to OFF and pull limit knob out. then turn drive valve latch 
down; now the cylinder will go all the way down. Take cylinder out 
of the filter, remove filtrate vat from cylinder and using cake 
discharge piston and cake discharge cup, take the cake out of the 
cylinder. 

If the cake is too stubborn to be removed manually, use pressure 
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air. Put the cylinder, cake discharge piston and cake discharge 
cup between the moving pressure plate and upper pressure plate. 
Then turn cylinder drive latch up. The piston will now push the 
cake into the cake cup. 

CAKE WASH: 

Cake wash is normally performed after a short I (first) Pressing 
cycle. Turn cylinder drive valve to down position. After the 
cylinder is down, take it in your hand, and pour a measured amount 
of wash liquid over the cake. Putthe cylinder and piston back in 
place. Run a cake washing cycle the same way as the pressing 
cycle. When most of the wash liquid has penetrated through the 
cake, proceed to PRESSING. the cake wash cycle as well as the 
pumping cycle may be repeated several times. 

PRECAUTIONS: 

- DO NOT RUSH 
- DO NOT STICK YOUR FINGERS IN BETWEEN MOVING PARTS 
- ONLY HANDLE ONE VALVE AT A TIME 
- PROTECT YOURSELF PROPERLY, E. G. WEAR A MASK WHENEVER YOU 

ARE HANDLING HAZARDOUS MATERIALS 
MAXIMUM PRESSURE OF COMPRESSED AIR IS 7 BAR 

CALCULATIONS AND DIMENSIONING: 

After a test run weigh the cake and measure its moisture content. 
Measure also the filtrate amount. 

Total time T (minutes) = time used for pumping + pressing I + cake 
wash + pressing I1 + air blow drying + 4 minutes. 
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Because pumping is in the filter takes place in stages, the time 
used for pumping must be estimated. With easy-to-filter materials 
pumping time is estimated at one minute, and with hard-to-filter 
substances at from 2... 5 min. 

Capacity C (kg/m2h) 

(W W x M/100) x 60 

0.0025 x T 
c =  (ks/m2 ’ 

W = weight of cake (kg) 
M = cake moisture (%) 
T= total cycle (min) 

Slurry capacity Cs (l/m2h) 

Q x 60 

T x 0.0025 
cs = ( l/m2h) 

Q = amount of slurry (1) 
T = total cycle (min) 

MAINTENANCE : 

Wash the parts that have come in contact with the slurry after each 
test run. If necessary, to clean the air channel the air control 
valve can be unscrewed from the piston. At the same time you can 
check the condition of the O-ring (dia 8 x 2.5). After the wash, 
check the lip sealing of the piston ( G l - 4 5  x 57 x 6 nitrile), 
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APPENDIX E 

TEST PROCEDURE FOR FA" V-G VISCOMETER 

(OPERATING INBTRUCTIONS AND PRODUCT INFORMATION) 



0 OPERATING INSTRUCTIONS F O R  MODEL 35 FANN V-G METER 

GENERAL 
1. Connect instrument to  115 volt,  60 cyc le ,  A. C. power source. 

2. Speeds, r o t o r  s leeve:  CHANGE GEARS ONLY WHEN MOTOR IS RUNNING. 
600 r p m  - G e a r  shi f t  knob down, motor switch at "high" 
300 r p m  - G e a r  shift  knob down, motor switch at ltlowll 
200 rprn - G e a r  shi f t  knob up, motor switch at "high" 
100 r p m  - G e a r  shi f t  knob up, motor switch at rllowlt 

6 r p m  - G e a r  shift  knob center ,  motor switch at tthigh" 
3 r p m  - G e a r  shift  knob center ,  motor switch at tclow" 

PLASTIC VISCOSITY AND YIELD VALUE 

1. P l a c e  recent ly  agitated sample in test cup furnished. 
the cup at 350 cc leve l  is  for b a r r e l  equivalent volume. 
running at 600 rpm. wait  for dial to  come to steady value. Note dial reading. 

Set motor switch at low and obtain 300 r p m  reading in  the manner outlined in 
step one. 

3. 600 reading - 300 reading equals plast ic  viscosi ty  (p. v. ) in  cps. 
300 reading - (p. v. ) equals yield value (y. v. ) in lbs. / l o 0  sq. ft. 

A l ine scr ibed inside 
With ro tor  s leeve 

2. 

G E L  STRENGTH 

1. 

2. 

3. 

Stir sample thoroughly at 600 rpm. 

Change gear  shift  to  c e n t e r  then turn motor off. 

Allow desired rest time (10  seconds to 10 minutes) then turn switch to  low 
( 3  rpm). 

4. Read d i a l  at instant of  g e l  break. Reading i s  in lbs. / l o 0  sq. ft. 

CONSISTENCY CURVES AND THIXOTROPIC STUDIES 

1. For a more  complete consistency curve take readings at 200, 100, and 6 r p m  
in  addition to  the above. P lo t  results, speed vs. dial  deflection, and extra- 
polate straight portion of curve to s t r e s s  axis to obtain yield value intercept. 

Thixotropic studies are u s u a l l y  made by taking a s e r i e s  of readings beginning 
at slow speed on unst irred sample. Measurements a r e  made at success ive ly  
higher speeds to maximum then the downcurve is run immediately. 
the hyster is  loop formed by the upcurve and downcurve i s  a measure  of 
thixotropy. 

2. 

Plotted,  

Clean instrument by running at high speed with ro tor  sleeve immersed  in 
water o r  other solvent. 
lock pin. 

Remove rotor  sleeve by twisting slightly to  r e l e a s e  
Wipe bob and other par ts  thoroughly. 
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OPERATING INSTRUCTIONS - FANN VISCOMETERS 

GENERAL 

1. Connect instrument to proper power source. 

2. On the 35 models refer to nameplate for speed changing instructions. 

3. The two-speed models have a gear shift knob at top center of gear case. Pull knob up for 300 rpm - 
push down for 600. Center position is neutral. A switch at left side of gear case on Model 34A provides 
a stirring speed. 

4. When cranking the HC34A, turn fast enough so clutch can be felt slipping at all times. 

5. All models have a hand knob for gel measurements. This knob should be at neutral for determining 

6. Change gears while motor is running to obtain desired speeds. Read torque or shear stress values from 
dial in instrument head. 

gels. 

Model No. Volts Hz. Amps Rotor Speeds - rpm 
35A 115 60 -75 3,6,100,200,300 & 600 
35SA 115 50 .60 3,6,100,200,300 & 600 
34A 12 AC-DC 3.5 300,600 and stirring speed 
HC34A Handcran ked 300 and 600 

Notes: 1. The SR-12 Gear Box Attachmept, which can be fitted to 
the 35 series instruments, provides the following addi- 
tional speeds. 

0.9, 1.8, 30, 60,90 & 180 rpm 

2. Transformers are available for 230: 1 15 volts and 1 15-230: 12 volts. 

7. Twelve rotor-bob combinations plus eight different torsion springs are available. These fit all models 
giving a total of ninety-six different measuring systems as described on pages 3 and 4. 

8. Oiling or greasing of viscometer is not required in normal service. The bob and rotor should be 
cleaned after each test and examined periodically for dents, abrasion or other damage. Accuracy is not 
possible unless these components are in good mechanical condition and turn without wobble. 

9. Rotors can be removed from socket by twisting CCW while gently pulling straight down. Bob shaft 
end is tapered and fits a matching hole in bob. Twist, while pulling downward, to remove. Bobs B1 and 
B2 are made hollow to lessen weight and should not be heated above 200°F without adequate pre 
cautions. 

OPERATION 

1. Sample cups have a line at the proper level to hold 350 mi. Fill to this point with recently stirred test 
fluid. A scribed line on rotor indicates proper immersion depth which should not be exceeded. If other 
sample holders are used, the space between bottom of bob and bottom of cup should not be less than 
0.5" (1.27 cm). 

2. Turn motor on, select desired speed and read sheer stress values from dial. 

f a n n  instrument corporation 

P. 0. Box 36423 8625 Meadowcroft Street - Houston, Texas 77042 
Cable address: FANN Telephone (713) 781-5663 



FLOW MODELS 

Figure 1 shows typical flow curves for four important flow 
models. The multiple-speed models are useful in constructing 
such rheograms to classify unknown fluids. 

1. Newtonian Flow Model 

As shown by A, Figure 1, the relationship between shearing 
stress and shear rate is directly proportional. Only one point 
is required to define this curve. 

Table 1 may be used to quickly determine Newtonian viscos- 
ities with any of the rotor-bob-spring combinations. Newto- 
.nian viscosity in cp may be read directly from the dial of any 
model viscometer run at 300 rpm with the R1-B1-F1 combi- 
nation, or other springs may be used providing dial reading is 
multiplied by "f" factor. 

2. Bingham Plastic Flow Model 

Fig. 1 

A - NEWTONIAN 
B - BINGHAM PLASTIC 
C - PSEUDOPLASTIC 
D - OILATENT 

E 
ce c 
v) 

a 
J z 

SHEAR RATE 

Run the viscometer at 600 rprn, using the R 1-81 -F 1 components, until dial reaches a steady value. Note 
dial deflection as C#I 600. Change to 300 rpm and read 6 300. A spring other than F 1 may be used if the 
dial readings are multiplied by proper "f" factor, but other combinations of R-B can not be used for 
this rapid, two-point method. 

Then, 

and, 
6 600 - 4 300 = 

6 300 - 
= plastic viscosity in cp 

= yield value in lb./100 ft.2 

Gel strengths are measured after thorough stirring of sample at 600 rpm. On 35 series models, after a 
stirring, set gears quickly for 3 rpm, then turn motor off. After desired rest period, switch motor on and 
read dial at instant of gel break. The 34 series models use a hand knob for this measurement. Turn knob 
slowly in direction of indicator and read as above. Gel readings are in IbJl 00 ft.'. 

Other rotor-bob combinations may be used, provided shear rates are calculated for the material being 
studied. This is particularly true when combinations resulting in the larger gap sizes are used. 

3. Pteudoplastic Flow Model 

The apparent viscosities of these fluids decrease as shear rates increase. Most industrial fluids fall within 
this classification. 

An .empirical relation known as the power law is most often used to characterize fluids of this type. A 
log-log plot of shear stress vs. shear rate is constructed to obtain constants K and n. K is the intercept of 
$he flow curve on the stress axis at unity rate of shear, and is a measure of consistency. The higher K, 

' the more viscous the fluid. n, the slope of the line, is a measure of non-Newtonian behavior, and for 
pseudoplastics, falls between zero and unity. 

As with the previous flow model, use of rotor-bob combinations giving large gap sizes can lead to serious 
errors unless corrections are made. 

4. Dilatent Flow Model 

Methods for this model are often the same as for pseudoplastics, the difference being that apparent 
viscosities increase with increasing shear so n is always greater than 1. 

Experimental data from these viscometers may be manipulated according to any of the accepted tech- 
niques for concentric cylinder types. Many books on the subject of rheology are available to the serious 
researcher. 4 



TO CHANGE AND CALIBRATE TORSION SPRINGS 

B1 1.7245 3.8 
82 1.2276 3. a 
B3 .86225 3.8 

1. Remove dust. cap A and plug screw B. 

7 1.005 
35.98 1 
17.751 

Fig. 

OW3 
c.lib.tion Fixture 

2. Loosen set screws C and D about 1/2 turn. Spring Formula for Calculating Spring Constant K, 
Ggr  K, = - 
# 

can be lifted out. Do not stretch spring. 

3. Insert new spring, making sure bottom mandrel 
is properly oriented and seated. Holding pressure 
of set screw 0, acting through a bottom clamp ring 
similar to E should bear against the point at which 
sDrina leaves threaded mandrel. A notch cut into 

where K, = Spring 
G = Load ingrams 
g = 981 

- dynes/cm/deg. * . "  
upper end of bottom mandrel will help to locate 
this point. Top of upper threaded mandrel inside 
spring should be exactly flush with clamp ring E. 
Tighten set screws. EXAMPLE: 

r = Radiusarm = 1 cm 
= Dial reading - degrees 

4. Set Screw F can be loosened, permitting knob G 
to be turned so dial can be zeroed under index. 
G is also movable vertically, enabling the spring to 
be clamped in a "free" position, neither stretched 
nor compressed. 386 
5. Remove rotor and bob; then clamp calibrating 
fixture DW 3 to instrument legs. Place the 2 cm di- 
ameter aluminum spool on bob shaft, slip knotted 
end of thread into slotted hole; wrap once around 
spool, then over pulley. Position fixture so thread 
is horizontal. Hang weights on thread as described 

From experience we know that the required setting 
for the F1 spring is 386 dynes/cm/degree with the 
R1-B1 combination.* Using the 50 gm weight sup- 
plied with fixture, we have, 50 x 981 x 1 

Test material, undergoing shear in the annulus, im- 
parts torque not only to bob wall but also, to some 
degree, depending on gap width, to ends of bob. In 
this case, the spring is made 6% stiffer to compen- 
sate for this additional load. 
.The effective Ks 363 ,,,,nm,cm,degree. This is by 

= 127". 

below and adjust spring constant if necessary. "end effects" on bob and rotor. 

Rotor-Bob Dimensions Cyl. Area-cmz 
Unit r-cm Length - cm x Radius-cm 

84 I .86225 ! 1.9 I 
~~ 

8.876 
R1 I 1.841 5 
R2 1 1.7589 
R3 I 2.5867 I 



DIMENSIONS- ROTORS -BOBS - SPRINGS 

F3 3 1158 
F4 4 1544 
F5 5 1930 

LFIO 10 3860 

Rotor-Bob Shear Rates Torsion Springs 
Comb. --'/Rev. Rr/Br Gap-cm No. Factor f Dynes/cm/deg.* 

R3 - 83 
R3 - 84 

R1 - B1 I 1.7034 1 1.0678 I .1170 1 

'Additional speeds available 28.909 
57.81 5 with SR-12 Gear Box Attachment. 

Fits Models 35, 35A. 35s and 35SA 

ROTOR 
rPm 

.9* 
1.8" 
3 
6 

so * 
60 
90 * 

100 . 
180 
200 
300 
600 

TABLE 1 

TO RAPIDLY DETERMINE NEWTONIAN VISCOSITIES 

IN cp. WITH FANN VISCOMETERS 

333.3 
166.6 
100 
50 
10 
5 
3.33 
3 
1.667 
1.5 
1 .o 
.5 

77.2. 

386 
773 

SPEED FACTOR 
S 

RI - a i  
R1 - B2 
R1 - 83 
R1 - 84 
R2 - B1 
R2 - 82 
R2 - 83 
R2 - 84 
R3 - B1 
R3 - B2 

ROTOR-BOB 1 R-B F F T O R  
COMB. 

1 .ooo 
8.91 5 

25.392 
50.787 

.315 
8.229 

24.707 
49.41 2 
4.51 7 

12.431 

FORMULA: 
'IN = S x d  x f x c 

where, 
S = Speed factor 
d = Dial reading 
f = Spring factor 
C = Rotor-bob factor 

7~ = Newtonian viscosity 

4 

' cp. 

EXAMPLE: Using an R2 - B1 com- 
bination a t  a speed of 30 rpm with 
an F5.0 spring, dial deflects to 189. 

10 x 189 x 5 x .315 = 2977 cp. 

NOTE: C values are calculated from 
rotor-bob dimensions. Combinations 
with the larger gaps are likely to 
give results that differ from these 
figures. For best accuracy, calibra- 
tion with a standard fluid having a 
viscosity near the.range in which 
you are working is  recommended 
for each combination. 



FUNDAMENTAL 

Rheology is that branch of physics dealing 
with the deformation and flow o f  matter; 
consequently an understanding o f  this science 
is vital to a great number o f  manufacturing 
processes and industrial operations. Rheological 
properties are relied upon for control o f  the 
hydrodynamic properties of the mud and ccment 
used in the drilling o f  an oil well. Rheological 
properties are important in converting a shapc- 
less slip into a delicate sculptured objcct, and 
in extruding a plastic into a mold. Thc lubri- 
cation of  an internal combustion engine, dis- 
tribution of ink on a high speed printing press, 
and the control o f  the brushing, spraying, and 
leveling qualities o f  a household paint repre- 
sent but a few of the many applications for 
measurement o f  rheological properties. 

The line of  FANN V-G METERS 
has been engineered to meet the need 
for accurate measurement o f  funda- 
mental rheological properties. These 
viscometers are used in petroleum 
production and refining, and in the 
manufacture or processing of  adhesives, 
ceramics, foods, paints, and numerous 
other products. They are designed to 
give years of  dependable service regard- 
less o f  the operational environment. 

BASIC OPERATING PRINCIPLE 

The  Fann V-G Meters are rotational-type 
viscometers. Fluid is contained in the annular 
space between two coaxial cylinders. The  outer 
cylinder, or rotor, suspended in precision bcar- 
ings. is driven at a constant rotational velocity 
and the torque arising from the fluid's viscous 
drag is eserted on the inner cylinder, or bob. 
The torquc is rapid1)- balanced by a helically 
wound spring and the deflection is read on n 
calibrated dial through an optical reticule. 

I n  this viscometric method. flow data are best 
analyzcd in terms of the fundamental relationship 
between shear rate, proportional to rotor rpm, 
and shcaring stress, proportional to dial rcading. 

T h e  F a n n  1'-G M e t e r s  are  p r o p e r l y  
designed rotational viscometers in that thc 
cylindrical rotor and bob design permits cal- 
culation of the shear ratc corresponding to  

each rotational velocity. 
These calculations provide criteria 

for identifying flow type, maintaining 
adequate process control, and scaling 
up laboratory studies for a process 
prototype. In addition, the entire 
material can be homogeneously sheared 
and equilibrium flow conditions 
achieved rapidl!. at each shear level; 
uniform shear rate gradients are pro- 
duced, and time-dependent properties 
can be readily anal!-zed. 

OF THE FANN V-G METERS 

S O M E  REPRESENTATIVE 
Four types o f  ideal flow models are frequently 

used in rheology, viz: the Simple Newtonian, and 
the following Son-Newtonians: Pseudoplastic, 
Flow with Shear Rate Thickening, and Bingham 

Plastic. A ver!. brief 0' s u r v e y  o f  the  f l o w  

characteristics of each 
is given here although 

f it is recognized that 
t h e  proper t ies  o f  a 
material are frequently 
determined not by a 

RHEQLQGICAL MQDELS 
single ideal model but by a complex o f  
rheological properties. 

TI!c Siriihlc Ncii , foi i ian is characterized by a 
straight line flow curve through the origin for 
all values of shearing , I 

stress (Fig. I ) .  This 
LOW SOLlOS LA111 ,/ el I 

means that shear rate 
11 SOAP IN X V l l N C  

to shearing stress. The 
is directl:. proportional 

p r o p o r t i o n a l i t y  
constant, called the co- 
efficient o f  viscosity, is 

DlPL R l l D l N C  



for a wide range in 
data with the result 
that the slope (dlw 

@ 

a “structure number” 
or  “index o f  flow type.” 

@ f l o w  c u r v e s  o f  t h e  
above discussed Non- 

CLOSS ?IINl  Newtonians and plot 
the log of shear rate 
versus the log o f  shear- 
ing stress. Very often 3 

process. The develop- 
ment o f  gel structure i 

I 

0 



STANDARD MODELS 

O F  THE FANN V=G METER 

f 

A research caliber, precision-built viscometer, 
the Model 3 5 is driven by a 11 Sv-50 or 60 
cycle dual speed synchronous motor. Rotor speed 
changes for 3, 6, 100, 200, 300, and 600 rpm 
are effected smoothly and rapidly without ever 
stopping rotation. The Model 3 S is supplied with 
our standard chrome plated rotor-bob combina- 
tion. Special rotor-bob combinations for supple- 
menting shear rate and viscosity levels, or for 
use with corrosive liquids are readily available at  
extra cost. A wide selection of torsion springs 
which can be easily interchanged are stocked. 
Custom built constant temperature baths are 

combination the following averaoe shear rates 
and maximum measurable viscosities are obtain- 
able at the several speed settings: 

P 

S1AXISlU~I 
S 1 E .AS U R A B L E 

A VERA G E 
SHE .A R R -4 TE , SPEED 

SETTING SEC.-' I'ISCOSITY. CP. 
6 00 9 i 9  1 j0 
3 00 480 3 00 
200 -; 20 450 
100 160  900 

1 i ,000 6 9.6 
3 4.8 .~0,000 

. 
2 

also. available. 
. Instrument finished in brown hammertone 

and polished chrome. A stainless steel sample 
cup, Part ATo. 3560, equipped with pins to locate 
and lock to movable platform, is included. 

When referred to our standard rotor-bob 

This wide spectrum in shear rates available 
with a single standard rotor-bob combination is 
invaluable for the establishment of relationships 
between the rhcologicnl models discussed above. 
Data  related to thixotropic processes ma)- be rend- 
ily obtained a t  the 3 and 6 rpm shear rate levels. 

Model 
35 
35s 

Model 
35 ond 355 

ACCESSORIES 6IELlOGRAPHV 
Port No. FISCHER, E. K., Colloido/ Dispersions, John  Wiley ond Sons, Inc., 

3583 Hardwood carrying case New York (1950!. 
3584X 230-1 15v transformer Proceedin,gs lnternofhol Rheol3gicol Congress (Hollond-l948), 

North-Hollond Pub. Co., Amsterdom. 
Pryce-Jones, J . ,  "Studies in Thixotropy," Kolloid Feit., 729, 96 

(1952). --. Voltage Frequency Amperes Motor h. p. 
7 I5 60 cycle .5 1 /75 
715 50 cycle .S 1/100 Reiner, M., Deformation and Flow, H. K. lewis a n d  Co., Ltd., .J 

(1 949). 

MOTOR CHARACTERISTICS 

Savins, J .  G., and Roper, W. F.. "A Direcf-lndicoting Viscometer 
Height Width Depth Weight for Drihng Fluids," American Petroleum Institute, Drilling 
15';" 6" IO!/," 76 lbs. and Production Proclrce, 7 :1954j. 

DIMENSIONAL DATA 
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Designed to meet the rough usage and porta- 
bility requirements of “on-the-spot” field and 
process control work, this instrument retains 
most o f  the precision features o f  the Model 35. 
It is available as either n 6 or  13 volt AC DC 
model. A constant-speed governor controlled 
motor and gear train combination drives the 
rotor a t  600 rpm and 300 rpm. Rotor speed 
changing between these settings is effected 
smoothly and rapidly without stopping rotation. 
The Model 34 is supplied with our standard 
chrome plated rotor-bob combination. Special 
torsion springs and rotor-bob combinations for 
supplementing shear rate and viscosity level, or 
for  use with corrosive liquids, are readily avail- 
able at estra cost. A choice o f  either the No. 
:+thy or 3468 connecting cord is furnished with 

3 instrument. 
I -\ . 

FEATURES COMMON TO MODELS 34 AND 35 FANN V-G METERS 
(With srandard rotor-bob and spring combination) 

Direct centipoise reading of viscosity at the 300 rpm setting. Simple multiplying 

Rapid determination oi the Bingham Plastic parameters, Plastic Viscosity 2nd Yield 
factors ior other speed settings. 

Poinr irorn the 600 rprn and 300 rpm settings: 

PL.\STIC VISCOSITY (cp.) 

YIELD POIST (Ib.. 100 ft.’) = 300 rpm Reading - Plastic 

= 600 rpm RcadinS - 200 rpm 
Reading 

Viscositv 

UWUQDEL 1 

Other unique features of the Model 34 
include: 

Blinker light to safeguard against low supply 
voltage. 

Knurled handwheel for the evaluation of  
thixotropic processes. 

Governor release rwitch to permit high in- 
tensity shearing before measurements. 

When referred to our standard rotor-bob com- 
bination the following average shear rates and 
maximum measurable viscosities are obtainable: 

A \‘ER AGE 11 AXIhIUM 
SPEED SHEAR RATE, ME.\SURABLE 

SETTING SEC. - \‘ISCOSITY. CP. 

600 9i9 1 io 
j 00 4x0 .; 00 

F A N N  

MOTOR CHARACTERISTICS 

Model Voltage Amperes Motor h. p. 
34 6 AC-DC 6 7/50 
34 I2 AC-OC 3 I /SO 

DIMENSIONAL DATA 

Model Height Width Depth Weight 
34 9’2’‘ 5!5” 7“ 7% Ibr. 

(7 2” extended) 

ACCESSORIES 

FOR MODEL 30- 
6 and 1 2  volt  _ -  _ _  

Hordwood corrying 
case 

Case with built-in 
115-6v transformer 

Case with built-in 
115-12v tronsformer 

Cord, coanecring, 5 f t  
Arnphenol plug both 
ends 

V= G E T E R  

- -  
3468 Cord, cmnecting, 5 11.. 

plug one Model 34 with tronsformer 
type corrying case. Steps 

end, On down 11.5 volts A C  to 6 or 
other 72 volts. 



RHEOLOGICAL A N A L Y S I S  with F A "  V-G METERS 

o f f e r s  t h e s e  o u t s t a n d i n g  a d v a n t a g e s :  

Moderate cost. 
World-wide distribution. 
Flesible basic design to meet any requirement in shear rate level, viscositJr 

range, operational environment. 
Rapid torque balancing for fast  reading. 
Continuous observation of time-dependent properties. 
Equilibribm data  assured with direct indicating dial. 
Known shear rate conditions. 
Precision designs for accurate data analysis. 
Portable models for  6- 12 volt AC 'DC operation. 
Laboratory models for 11 5 volt-60 cycle. 11 5 volt-50 cycle, transformers 

Completely assembled and calibrated prior to shipment. 
available for 3 3 0 volt systems. 

- . -. . - 

1 -  

-- _ -  

+ann instrument corfaora+ton 

P. 0. BOX 6101 3202 ARGONNE ST. 0 HOUSTON, TEXAS 



, 
TO CHANGE TORSION SBR I NGS 

IN FANN VISCOMETERS 

A 
\ 

1. Remove  dust  c a p  A and plug screw B. 
2.  L o o s e n  set s c r e w s  C and D approximately !$ turn. Spring c a n  then  b e  l i f t e d  out.  

3. Insert  new spr ing ,  making sure that  it  i s  properly s e a t e d .  
spring should  be e x a c t l y  f lush with c lamp ring E. 

4 .  C a p  s c r e w  F c a n  b e  l o o s e n e d ,  permitting knob G to be turned to bring d i a l  "zero" under t h e  
index l i n e .  Knob G is  a l s o  movable v e r r i c a l l y  so that spring c a n  b e  c lamped i n  a "free"  
pos i t ion  - neirhcr  c o m p r e s s e d  or s t re tched .  

5.  Tighten all s c r e w s ,  r e p l a c e  dust c a p  and plug s c r e w .  
according to d i r e c t i o n s  g i v e n  i n  e n c l o s e d  spring char t .  

T h e  top o f  threaded mandrel ins ide .  
T i g h t e n  set s c r e w s .  

For b e s t  a c c u r a c y  c h e c k  spring c o n s t a n t  

fann ins4pIumen9 corporation 

P. 0. BOX 6101 3202 ARGONNE ST. HOUSTON, TEXAS 



OPERATING INSTRUCTIONS FOR MODEL 3 5  FA" V-G METER 

GENERAL 

1. 

2. S p e e d s ,  r o t o r  sleeve: CHANGE GEARS ONLY WHEN MOTOR IS RUNNING. 

Connect  instrument  t o  115 vol t ,  60 c y c l e ,  A. C. power s o u r c e .  

600 rpm - Gear s h i f t  knob down, motor s w i t c h  at "highf1 
300 rpm - Gear shi f t  knob down, m o t o r  switch at fflout" 
200 rpm - G e a r  shi f t  knob up, m o t o r  switch at f lhighlf  
100 r p m  - Gear shift  knob up, motor switch at Iflowfl 

6 rpm - Gear shi f t  knob c e n t e r ,  m o t o r  switch at (Ihigh" 
3 rpm - G e a r  shi f t  knob c e n t e r ,  m o t o r  switch at l1loVrrC' 

P L A S T I C  VISCOSITY AND Y I E L D  V A L U E  

1. Place r e c e n t l y  agitated sample in  test  cup furnished. 
the cup at 3 5 0  cc l e v e l  is f o r  b a r r e l  equivalent volume. 
running at 600 r p m ,  wait for  d i a l  to c o m e  t o  s teady value. Note dial reading. 

Set m o t o r  switch at low and obtain 300 rpm reading in  the m a n n e r  outlined in  
step one. 

300 reading - 

A l ine  s c r i b e d  inside 
With rotor s l e e v e  

2. 

3. 600 reading - 300 reading equals  plastic v i s c o s i t y  (p. v. ) in cps. 
(p. v. ) equals yield value (y. v. ) in  lbs.  / l o 0  sq. ft 

GEL S T R E N G T H  

1. 

2. 

3. 

S t i r  sample thoroughly at 600 rpm. 

Change gear  shift  to c e n t e r  then t u r n  motor  off. 

Allow d e s i r e d  rest  t i m e  ( 1 0  seconds to 10 minutes)  then , n n  swi-zh -3 l o w  

(3 rpm).  

4. R e a d  dial  at instant of  g e l  break.  Reading is in lbs.  / l o 0  sq. ft. 

CONSISTENCY C U R V E S  AND THIXOTROPIC 3 TUDIES 

1. For a m o r e  complete  consis tency c u r v e  take readings  at 200, 100, and 6 r p n  
in  addition t o  the above. P l o t  r e s u l t s ,  speed vs. dia l  def lect ion,  and extra- 
polate s t r a i g h t  portion of curve to s t r e s s  axis t o  obtain yield value intercept .  

Thixotropic  studies a r e  usually made by taking a s e r i e s  of  readings  beginning 
at slow speed on unst irred sample.  M e a s u r e m e n t s  a r e  made at s u c c e s s i v e l y  
higher speeds t o  maximum then the downcurve is run immediately.  
the h y s t e r i s  loop formed by the upcurve and downcurve is a m e a s u r e  of  
thixotropy. 

2. 

P l o t t e d ,  

Clean i n s t r u m e n t  by running at high speed with r o t o r  s l e e v e  i m m e r s e d  in  
water  o r  other  solvent.  
lock pin. 

Remove r o t o r  s leeve by twisting sl ightly t o  r e l e a s e  
Wipe bob and other  p a r t s  thoroughly. 
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COP 
SPfm 
Mandrrl 
s u w e  
cl&w 
Diol 
Lon8 
C o w  

Mandrrl 
Clamp 
Cor. 

Brarlng 
Ring 
Gear 
Key 
Booring 
Hausing 
Rlng 

Shaft 
Brarinq 
Boaring 
Shield 
Guard 
Ring 
Sleeve 
Bob 

c UP 

Cover 
SlO9b 
Condrnsri 
Bore 
Barr 
CllP 
c o v r r  
F 001 

,3419 Rod 

Tub. 
Shatl 
Shaft 
Moto I 

3S7PX-S Motor 

1 3 5 3 7  
-3550 

3562 Sprinq 
Shim 

35BOX Switch 

FANN V-G METER 
MODEL 35 



APPENDIX F 

TEST PROCEDURE FOR MUD BALANCE "TRU-WATE CUP" 

(MODIFIED OPERATING INSTRUCTIONS FOR STANDARD TRU-WATE CUP) 



OPERATION 1 
.uav+. B/C&)/ (/Od+'T 

a = s  
/ 

Operating Instructions - F . JYs , ed -  /Dseco-4. 
TRU-WATE CUP 
Part No. 459.047 - Standard 
Part No. 459.04900 - Metric 

The TRU-WATE Cup (Figures 1 through 4) is an instrument for measuring the 

absolute denstty of a fluid sample. The unit is similar in operation to a conventional 

mud scale, the difference being that the slurry can be placed in a fixed volume sample 

under pressure. 

The purpose of placing the sample under pressure can be explained as follows: 

A major problem found in the densrty measurement of fluids, Le., cement slurries, is 

that oftentimes these fluids have a considerable amount of air entrained within them. 

By pressurizing the sample cup the entrained air volume can be decreased to a 

negligible quantity. 

of Figures 5 through 8. The steps involved & outlined here. 

Step 1 

found. The cup should be filled to a level slightly below the upper edge of the cup 

(appioximately 1/4"). 

Step 2 

Place the lid on the cup with the attached check valve in the down (open) 

position. Push the lid downward into the mouth of the cup until surface contact is 

made between the outer skirt of the lid and the upper edge of the cup. Any excess 

slurry will be expelled through the check valve. When the lid has been placed on the 

cup, pull the check valve up into the closed position, rinse off the cup and threads with 

water and then screw the threaded ciip onto the cup. 

The operation of the TRU-WATE Cup is illustrated in the operational schematics 

The sample cup initially is filled with the slurry, the density of which is to be 

-Prepared by Technical Communications 
For The Engineering Department 
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2 TRU-WATE CUP 
\ 

0 

Step 3 

by submersing the nose of the plunger assembly in the slurry with the piston rod in the 

completely inward position. The piston rod then is drawn upward, thereby filling the 

plunger cylinder with slurry. 

Step 4 

The pressurizing plunger is similar in operation to a syringe. The plunger is filled 

The nose of the plunger is pushed onto the mating O-ring surface of the valve. 

The sample cup is pressurized by maintaining a downward force on the cylinder 

housing in order to hold the check valve down (open) and at the same time forcing the 

piston rod inward. Approximstely 50 pounds of force or greater should be maintained 

on the piston rod. 

Step 5 
The check valve in the lid is pressure actuated, which means that when pressure 

is applied within the cup this same pressure tends to push the valve upward into the 

dosed position. The valve is, therefore, dosed by gradually easing up on the cylinder 

housing while holding pressure on the piston rod. When the check valve doses, 

disconnect the plunger. 

Step 6 

The pressurized slurry sample now is ready for weighing. The exterior of the cup 

should be rinsed off and wiped dry. The instrument then should be placed on the knife 
edge as illustrated. The sliding weight should be moved left or right until the beam is 

balanced. The beam is balanced when the attached bubble is centered between the 

two black marks. The density now is obtained by reading one of the four calibrated 

scales on the m w  side of the sliding weight. 

On the standard scale density can be read directly in units of Ibdgal, specific 
b 

gravity, psi/lOO ft., and IWcu. ft. On the metric scale, density c a n  be read in units of 

Ibdgal, specific gravitykg per liter, kPa./M, and kg/W. 



OPERATION 3' 

Step 7 

reconnecting the empty plunger assembly and pushing downward on the cylinder 

housing. 

thoroughly rinsed and cleaned with water. 

a waterproof grease such as "Lubri-Plate". 

The pressure is released by pushing the valve downward. This is done by 

The cup should then be emptied of its eontents and all components should be 

For best operation, the valve, lid, and cylinder should be greased frequently with 

CM-8ZB 



?lPPENmX G 

TEST PROCEDURE FOR 

QUAMTACHROME MULTIPYCNOHETER OPERATION 



( f ,  

1.0 

2.0 

3.0 

4.0 

RF-10 - BULK DENSITY BY MUL~YCNOMETER 

SCOPE 

The purpose of this ttst is to perform bulk densities on pozzolans, a mixture of flyash, 
lime, and cement, using a multipycnometcr. Accurate bulk density mcas-ts art 
important for maintaining propcr feed mixtures. 

SUMMARY OF METHOD 

The multipycnometcr was chosen as an instrument and method for measuring bulk 
density over conventional wcightlvolumc techniques which involve hydration. Hydrating 
pozzolans, flyash, and cement partially dissolves the matuial to be tested yielding 
inaocuratC bulk density dettnnrnab om. The multipycnomettr offers sample volume 
variability enabling more accurate dettrminations than if a pycnometer was used. The 
basic principle of the instrument involves introducing samples into a known volume, 
purified helium gas is applied at 17-18 PSI pressure which causes a sample volume 
reduction to occur. A simple calculation yields bulk density results once the reddon 
in volume is measured. Sample results are available within 1 hour after start of the test. 

. .  

Many samples contain impurities on their surface and within their pores. The presence 
of these impurities could cause inaccurate weight measurements or erroneous volume 
measurements. Volatile organics and inorganic matter can also cause volume 
displacement error. The presence of  volatile contaminants is generally obxrvai by 
successive volume determinations with results trending in one direction, after each 
depressurization. 

Additional interferences can be caused by high surface area powders in the volume 
created between the powder surf’ace and the center of the mass of the gas molecules 
(helium) at the interface. Corrections for this error can be made if Van der WaaLs 
diameter of the gas and the powder’s specific surface area arc known. 

PROCEDURE 

4.1 Follow installation and components for assembly of equipment on pages 3-4 of 
QUAMTACHROME COWOMTION’S MULTIPYCNOMETER instruction 
manual for model MVP-1. 



4.2 Sample Preparation 

4.2.1 Purging 

To pnge con tamhation gas or vapor from tbc system attach alcngth of 
hoSC to the "VENT host C O M O C t b  011 the fight side O f  the 
MUL,TIPYCNOMEIER and immerse the otba end of the hose hto a 
beaker of water. Then p a f o r m  the following steps. 

4.2.1.1 Close the "GAS IN" toggle valve and open the "GAS 
OUT" toggle valve. Turn sdcctor valve to TELL". 

4.2.1.2 Open "GAS OUT RATE" control fully countcr~lochkrise. 

4.2.1.3 Close "GAS IN RATE" nccdlc valve fully clochvist. Do 
not f m  or overtighten. Open the "GAS IN" toggle valve. 

4.2.1.4 Adjust "GAS IN RATE" n d e  valve to give a slow rate 
of bubbling in the beakcr of water, then remove tubing 
from the water. 

4.2.1.5 After 10-20 minutes of flow, close the "GAS ,m' to@ 
valve. 

4.2.1.6 See Section N of the manuf8cturer's manual for sample 
volume measurement steps. 

4.2.2 Vacuum 

If it is necessary to decontaminate the powder with vacuum use the 
following procedure. 

4.2.2.1 Close the "GAS IN" toggle vaive and open the "GAS 
OUT" toggle valve with the Selector valve turned to 
"CELL". Close "GAS OUT RATE" fully clockwise. Do 
not overtighten. 

4.2.2.2 Attach vacuum tubing to the "VENT" hose connection. 

4.2.2.3 Very slowly open the "GAS OUT RATE" control. If the 
"GAS OUT RATE" control is opened too rapidly, powder 
can be pulled out of the cell holder. 
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4.3 

4.2.2.4 To rtprcssurirc the system, close the "GAS OUT RATE' 
. control and remove vacuum tubing. Open the 'GAS XIV 

toggle valve. Slowly open the "GAS IN RATE. amfmI 
valve to admit helium gas until the system is rcbnred to 
ambient prcssurc. 

Analyzing samples 

If, for any rcason, it is suspcrted that the values of Vc or Va has been altered 
tha~ recalibrate the unit. Calibration should be performed if powder blows out 
of the sampIe dl into the tubing, or Operating at substantially diff't than zoom 
ttmperaturc. Refer to earlier referenced operational manual section V, 
Calibdon pages 7-10. Refa to Figure 1 for instnrment drawing. 

4.3.1 Turn power "ON", f low 10-15 minutes for the pressure transducer to 
warm up and s t a b i i .  

4.3.2 Sdcct the c o r n  REFERENCE VOLUME for the sample cell to be 
used. SEE THE FRONT PANEL FOR REFERENCE VOLUME 
Sn.ECI'ION. 

4.3.3 Weigh the empty sample cup to nearest 0.01 g and record the wught in 
the logbook. 

4.3.4 Fill the sample cup and weigh to nearest 0.01 g and record the wught in 
the logbook then insert the sample cup into the cell holder and replace the 
aver. 

4.3.5 0pa1 the "GAS OUT" and "GAS OUT RATE" control. Wait for a stabk 
zero reading. 

4.3.6 Close the "GAS OUT" toggle valve and set the meter to zero. If unable 
to zero the display, center the zero control knob,*move the rear panel 
and adjust the R, variable resistance on the printed circuit board. 

4.3.7 Turn the selector valve to "REF". 

4.3.8 Open the "GAS IN" toggle valve, and pressurize to approximately 17 
PSIG (l.l95Kg/cm? using the "GAS IN RATE" needle valve to control 
the rate of pressurization. Stop the flow by closing the "GAS IN" toggle 
valve. 

3 
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4.3.10 Turn the selector valve to 'CELL'- 

4.3.12 Vent the phssurc slowly to prevent blowing powder out of the cell, by 
opening the 'GAS O U T  toggle valve with the 'GAS OUT RATE- 
control slightly open. 

w. The pressure transducer used in this pycnometer dissipates a VQY slight 
amount of heat. Because of its extreme sensitivity it can track the slight prtssurt 
in-- * with the heating of the gas. Accordingly, it is llcctssary to 
takc the first reading observed after the digital display stabilizes. A change of 
approximately 0.001 on the digital display evuy 10-20 seconds is indicative of 
pressure increases due to heat dissipation and is normal. 

CALCULATIONS 

The true volume of powder is calculated by the following equation: 

Vp = Vc - Vr ((Pl/Pa)-l) 

Where: 

Vp = Volume of powder in c d  

vc = Votume of sample Cell in cn? 

Vr = Reference volume in c d  

Pl = Pressure reading after pressurizing referend volume. 

P2 = Pressure reading after including Vc 

Density is calculated by the following equation 

v p  in cm3 
Densityg/cm3 = n 

6.0 REAGENTS 
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7.0 

8.0 

Purified 99.999% helium. 

APPrnTUS 

0 M- 
Anatyticabalancc 
~srrgewhgulators 

REFERENCE 

QUAMTACHROME CORPORATION MULTIPYCNOMEI'ER instmch 'on manual, 
1w1, for model Mvp-1. 
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2. 

3. 

4. 

5. 

5. 

-. 
# .  

0- 

9. 

IO. 

11. 

12. 

lnaan &a &rue cefl Into *bo cell holder. Ptace the catib:atwn s7htrt it-,ic :.:a bqa -.  
Jose the cover. 

Open wlvea 1 and II. 

Turn the selector valve ro 'CELL'. 

(Ipcrr tne 'GAS OUT' toggle a d  'RATE" valves. 

O ~ s n  the "GAS IN' toggle valve and &jus the 'RATE' valve Ur:tii ti16 CisG:av qboue; )\$+ 

PSI. 

Purge ttre MULT;PYCI<OMETER' in this made for aaout 5 minu:tz;. 

Close the 'GAS IN' t-le valve. 

When the display shows a stable teading, set i; to zero ctsin-3 xhhe p r o  t:c:rt.d b b  . , 
~htc seimor valve 10 'REF. 

Close the 'GAS O W  tngQle valve. 

Own the 'GAS IN" togole valve until the press~irs is approutmately 17 FSL Thm 
'GAS IN' tog& valve- 

When t!o dwtay is stable, noxa the pressure reading. 

Turn the se!ectcr valve to 'CELL'. 

. 
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1 E. Catcutate tho voiuma or the larcc reference Volume 'rVRiarge:l xing sq?;at.-tr. 

where: 

V, = volume of tho calibrstion Sphere 

P; large E pressure in V, large with no sphere in the call. 

Pi  large = pressure in VR large a d  the large cell with no sphtct in the cd. 

PI large = presure in V, b r g e  4 t h  the calibration sphere in tha dl. 

P, lar39 = prcssure in V, large and :he large cell with the sphere in the ccd. 

iarc)f 
17. After @.vkg equation (9) for VR large use this value in equadartlt 3i xi oeikuhk V, 

the large sampb eel!. 

18. 

t 9. 

Uose tagpie vahs I and rapeat steps 8-1 4. 

Calculate the srnatl mference volume using equaticn 1 1. 

a 



. .  

Where: 

Pi small = p ~ ~ f w e  in V, mail with no Sphere in the cell. 

Pi small = presswe in ifR mail and the small cell with no sphore in x!!a cci;. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Remove ttii small sampie ceir and adapter and insert the mic:o adagtki sieyvc. r r k r r .  ' 

cetl and two smalt callbrathan spheres. 

Clm toggle valves I and 11. 

Open the 'GAS IN' togole udvc rind1 xh pressure ;S appfoxjmasaly \T PS!. 7hm L . ~ 

'GAS IN' toggle v3lvt3. 

When tha dkpby is stabk, rlote the pte'assure reading. 

9 



Where: 

P;fTIicro = pressure in V, micro with no spheres in the c e M  

Pi micro = ~rsssure in '4, micro and the micro ceil with no spheres ic. :kc c3:f. 

PI micro = pressure in V, micro with the carhation spharas in v h  cei!. 

f., micro = pressur8 in V, micro and the micro ceil with the spheres k,  hi d i -  - 

NOTE: !f cnly the large sarncde ce!l is to be used, it Is nor necessary w :aci i3at~  :kr w.a? a11 
cells. Similarly, if oniy tJw small call is to be usad, it is I U ) ~  necessa:y tc c.ali9*~w 

I 

:,Jc;o L .. 

10 



. .  

APPENDIX H 

CONCEPTUAL OUTLINE OF PONDCRETE AND 
SALTCRETE TREATABILITY STUDY 

MEMORANDUM 
MARK SPERANZA TO TED BITTNER - REVISION 1 



A h  

INTERNAL CORRESPONDENCE 
.rr.HALLIBURTON NUS mqb* Environmental Corporation 

C-49-12-2-154 

TO: TED BITTNER DATE: DECEMBER 18, 1992 

FROM: MARK SPERANSA cc: R. NINESTEEL 

SUBJECT: CONCEPTUAL OUTLINE OF PONDCRETE R. SIMCIK 
T. SNARE 

AND SALTCRETE TREATABILITY STUDY J. SCHMIDT 
REVISION 1 J. ZAK 

F i l e :  2K68.231 

The Treatability Study will consist of three phases. Phase I will 
include physical testing and other testing necessary to determine 
major process options, thus allowing earlier equipment selection. 
Phase I1 will consist of testing to screen various cement 
stabilization and solidification (CSS) formulas for key parameters, 
including additives for TCLP compliance. Phase I11 will consist of 
testing to determine appropriate operating ranges for key 
parameters and to demonstrate regulatory compliance. Phase I11 
will also consist of additional studies for miscellaneous concerns 
such as superplasticizer addition. 

MPS/pam 



CONCEPTUAL OUTLINE OF PONDCRETE TREATABILITY BTUDY 

PONDCRETE PEASE I 

This Phase will consist of two subparts, IA and IB. Phase IA will 
consist of tests to determine the upper limit of the waste loading, 
and engineering parameters such as viscosity, bulk densities, 
specific gravities, etc. Phase IB will consist of dewatering 
studies and trash studies. Additional details are provided below. 

Pondcrete Phase IA 

Initial Analytical Testinq of Waste Feed 

1. Methanol Study for Triwalls in Metal Containers: 

a. Conduct total methanol analysis with second column 
confirmation to verify presence of contaminant for 
triwalls in metal containers. 

b. Conduct zero head space TCLP extraction for methanol. 
Conduct analysis using a spike sample at the average and 
2X the average concentration of methanol as determined by 
the characterization study. 

Goal: The goal of this study is to determine whether 
methanol will leach above the LDR standard in 
its existing state (waste feed). 

2. Baseline Analysis: 

a. Both triwalls and the triwalls in the metal containers 
will be analyzed for TCLP metals, total metals, anions 
and cations. 

1 



/- 

Goal: Acquire data for the bulk samples (waste feed 
material to compare with characterization 
data. 

3 .  Engineering Parameters: 

a. Analyze triwalls and triwalls in metal containers for 
bulk density, specific gravity of the discrete particles, 
moisture content, and Karl Fisher percent water. 

Goal: Determine baseline for engineering parameters 
of the waste feed. 

Enaineerina Studies 

1. Waste Loading Study: This study will be conducted for 
triwalls and triwalls in metal containers. The study will 
consist of mixing the waste (feed) forms, at different percent 
solids, with the same CSS formulation used for the solar 
ponds. The CSS formulation will consist of portland Type V 
cement, Type C flyash, and hydrated lime at a ratio of 
1.0/2.0/0.075, respectively. The waste (feed) loading will 
vary based on the total solids content of the waste. Mixes 
will be conducted at 70, 6 0 ,  50, 4 0 ,  30, and 20 percent 
solids. The saturated liquid phase of the slurry 
(concentration determined by the dissolution test) will also 
be solidified using the same CSS formulation. A l l  mixes will 
be prepared at a water-to-pozzolan ratio of 0.42 .  Trash 
inclusion will not be tested in this phase, but will be 
evaluated in Phase IB values unless otherwise noted. Testing 
of the input and output waste streams will be as follows: 

Input (feed waste): Total solids, total dissolved solids of 
supernatent, viscosity, specific gravity, and density. 
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Output (product slurry): Density, VG Fann testing, and 
observation of the ability of the material to be pumped (the 
testing will be filmed). 

Testing: The product slurry will be placed in cylinders to 
be cured using the 48-hour warm water accelerated 
cure procedure. Cylinders will be submitted for 
48-hour UCS, TCLP metal analysis, and accelerated 
durability testing. All cylinders will be 
evaluated for free liquid after curing by visual 
observation. 

This testing will determine the upper limit of the 
waste loading, which will help determine the degree 
of dewatering which .will be necessary (e.g., if 
20 percent was the upper waste loading, then it 
would not be necessary to dewater the waste 
material to greater than 20 percent solids). The 
results of this testing should narrow the selection 
of downstream process options. 

Goal: 

2. Dissolution Test of Pondcrete in Water: This test consists o€ 
dissolving a known mass of waste feed sample in excess water 
and determining the specific gravity and TDS of the solution. 
The dry weight of the undissolved portion of the sample will 
also be determined. The undissolved portion of the sample 
will be analyzed f o r  specific gravity of the discrete 
particles. 

Another test will consist of dissolving the sample in a small 
amount of water to make a saturated solution. The TDS and 
specific gravity of the supernatant will be determined after 
filtration. 

Both these tests will be performed at room temperature and 
repeated at 100°F. 
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3 .  Viscosities and Densities of Samples at Different Percent 
Solids: Mixtures of the waste feed samples with water will be 
prepared at different total solids concentrations (from 5% to 
6 0 % ) .  The viscosities and specific gravities will be 
determined for each of the samples. The viscosities of the 
supernatant, up to the saturated point, will also be 
determined. The experiment will be conducted at room 
temperature and at 100°F to reflect the expected temperature 
rise from grinding. 

4 .  Settling Tests: Settling tests will be conducted on waste 
feed samples ground to -10 mesh to determine settling rates 
and terminal densities. These tests will use a saturated 
solution for the liquid phase and be conducted at different 
percent solids and temperatures. 

5. Rheology Evaluation of Slurries: Viscosity of the waste feed 
will be measured over a range of solids ( 5  to 50 percent) with 
and without trash included in the slurry. This testing will 
be conducted in a saturated solution. Trash is defined as the 
pallet, plastic sheeting, and steel band. The component 
I1steel band1' will include iron straps, nails, and iron ball 
shavings from the grinding process. The trash makes up 
approximately 8% of the total weight of the billet on a wet 
weight basis. When using dry weights, 20% of the billet is 
considered to be trash. Specific gravities of the slurries 
will also be measured. 

6.  Saturation TDS Versus Temperature: The degree of salt 
dissolution versus temperature will be determined by 
collecting samples of the supernatant at different 
temperatures (i.e. I 5 0 ° F I  room temperature and 100'F). The 
samples will be analyzed for TDS and specific gravity. 
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Pondcrete Phase IB 

This portion of Phase I will consist of evaluating dewatering 
processes and performing a trash study. The dewatering study will 
evaluate the selected process option which is believed to be the 
most practical to achieve the percent solids as determined in the 
waste loading study. The trash study will evaluate various 
loadings of trash to determine if there is any impact from 
different loadings. 

1. Dewatering Studies: This testing will evaluate various 
dewatering proce,sses which are capable of achieving the 
appropriate percent solids of the waste feed which will be 
determined in the waste loading study. Vendors will be 
solicited to conduct the dewatering tests. The dewatering 
testing will include the appropriate quantities of trash. 
Further details on these tests will be determined at the 
completion of the waste loading test. 

Trash Study: This study will evaluate trash addition with 
regards to physical parameters and chemical parameters. 
Testing will be conducted at the percent solids determined to 
be the maximum waste loading. Trash will be added at 2, 5, 
7.5, 10, 12.5, 15, 20, 50,  75, and 100 percent of the waste 
feed loading. The objective of this test is to generate data 
to eliminate trash as a future variable for the CSS 

formulation development. 

a. Physical testing: Trash will be blended with the 
triwalls and the triwalls in the metal containers. 
Testing of waste feed will consist of t h e  following: 

0 Percent solids 
0 Bulk density 
0 Viscosities 
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0 Specific gravities 
a Karl Fisher 

b. CSS Testing: CSS testing of the product sl'urry will be 
conducted to determine the effect of trash on TCLP 
criteria and on the stability of the solidified product. 
The CSS testing will be conducted at three waste 
loadings; one will be the selected waste loading from the 
initial waste loading study and the other two will 
bracket either side of the selected loading (e.g., 40, 
50,  and 60 percent solids). The water-to-pozzolan ratio 
will be at 0.42. The product slurry will be placed in 
plastic cylinders to be cured using the 48-hour 
accelerated cure method followed by UCS, TCLP metal 
analysis, accelerated durability testing, and visual 
observation for free liquids. 

PONDCRETE PHASE 11 - C8S FORMULATION DEVELOPMENT 

This Phase will be conducted using triwalls. Triwalls in metal 
containers will not be used unless concerns with methanol still 
exist. Triwalls have the same contaminants as those that exceeded 
the LDRs for the triwalls in metal containers but at higher 
concentrations. These studies will be conducted at the selected 
waste loading using water-to-pozzolan ratios of 0 . 3 4 ,  0 . 4 2 ,  and 
0.50. The CSS formula will consist of Type V cement, Type C 
flyash, and hydrated lime at a ratio of 1.0/2.0/0.075. This 
testing will determine the need for additives to improve the 
characteristics of the solidified product so that it will pass the 
TCLP testing criteria. 

The first set of tests will be cured for 48 hours and then 
submitted for TCLP metal analysis. Depending on the results of 
these test, further testing may be required to evaluate various 
additives to reduce the leachability of the metal constituents. If 
the TCLP results pass the LDR criteria then this Phase will be 
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complete. 

\ 

NOTE: Testing in this phase will be dependent on the results of 
the waste loading study. Upon completion of the waste 
loading study, additional information will be available 
to thoroughly scope the CSS formulation development. 

PONDCRETE PEASE I11 - REGULATORY TESTING PHASE 
This Phase will test the CSS formulation to determine if the 
product will pass all regulatory criteria over the proposed 
operating range. The proposed operating range will be at a 
water-to-pozzolan ratio of 0 . 3 4  to 0.50 with 0.42  being the center 
point. These water-to-pozzolan ratios will be tested at 
+/-lo percentage points around the selected waste loading. The 
test cylinders, produced from the product slurry, will be cured for 
7 days and 28 days. After 7 days the cylinders will be tested for 
TCLP metals and UCS. After 28  days the cylinders will be tested 
for TCLP metals, UCS, paint filter liquids, liquids/solids, and 
durability testing. 

Several additional tests will also be conducted during this Phase 
of the work. A factorial experiment will be conducted which varies 
the ratio of pozzolans so that the cement to flyash to lime ratio 
can be varied from 1/2/0.075 during remediation. Another factorial 
experiment will be conducted for superplasticizer addition. The 
test cylinders will also be cured at different temperatures to 
evaluate the heat generated during full scale curing. Cylinders 
from each of these three tests will be tested for all of the 
pertinent regulatory criteria. 
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’ SALTCRETE PHASE I 

This Phase will consist of two subparts, IA and IB. Phase IA will 
consist of tests to determine the upper limit of the waste loading, 
and engineering parameters such as viscosity, bulk densities, 
specific gravities, etc. Phase IB will consist of dewatering 
studies and trash studies. Additional details are provided below. 

Saltcrete Phase IA  

Initial Analytical Testins of Waste Feed 

1. Total dissolved solids test: 

This test will be conducted with the triwalls, half crates, 
and triwalls in metal containers. Each waste feed form will 
be dissolved in excess deionized water at different dilutions. 
The liquid will then be filtered and the filtrate will be 
analyzed for TDS. The filter cake will be analyzed for TS and 
specific gravity. 

Goal : To provide an initial baseline of the salt in each 
of the waste forms. 

2. Baseline Analysis: 

Triwalls, half crates, and the triwalls in the metal 
containers will be analyzed for TCLP metals, total metals, 
anions, and cations. 

Goal: Aquire baseline data for the bulk samples (waste 
feed material) and compare it with characterization 
data. 
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Engineering Parameters: 

Analyze triwalls, half crates, and triwalls in metal 
containers for bulk density, specific gravity of the discrete 
particles, moisture content, and Karl Fisher percent water. 

Goal: Determine baseline for engineering parameters of 
the waste feed. 

Enaaneerina S-udies 

1. Waste Loading Study: This study will be conducted for 
triwalls, half crates, and triwalls in metal containers. The 
study will consist of mixing the waste feed forms, at 
different solids concentrations, with the same CSS formulation 
used for the solar ponds. The CSS formulation will consist of 
portland Type V cement, Type C flyash, and hydrated lime at a 
ratio of 1.0/2.0/0.075, respectively. Batches will also be 
prepared using lime/cement/flyash and latex. Latex will be 
evaluated at 5 and 10 percent of the weight of the cement. 
Mixes will be conducted at 70, 60, 50,  4 0 ,  30, and 20 percent 
total solids of waste feed material. The saturated 
supernatant will also be solidified using the same CSS 

formula. All mixes will be prepared at a water-to-pozzolan 
ratio of 0 .42 .  A corresponding TDS value will also be 
determined for each waste loading. Trash inclusion will not 
be tested in this phase but will be evaluated in Phase IB. 
Testing of the input and output waste streams will be as 
follows: 

Input (waste feed): Total solids, total dissolved solids of 
the supernatant, viscosity, specific gravity, and density. 

Output (product slurry): Density, VG Fann testing, and 
observation of the ability of the material to be pumped (the 
testing will be filmed). 
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Testing: The product slurry will be placed in cylinders to 
be cured using the 48-hour warm water accelerated 
cure procedure.. 

Goal: 

Cylinders will be submitted for 48-hour UCS, TCLP 

metal analysis, and accelerated durability testing. 
All cylinders will be evaluated for free liquid 
after curing by visual observation. 

This testing will determine the upper limit of the 
waste loading which will determine the degree of 
dewatering, if any, which will be necessary (i.e., 
if 50 percent was the upper waste loading, then it 
would not be necessary to dewater the waste 
material to greater than 50 percent solids). The 
results of this testing should narrow the selection 
of downstream process options. Additionally, this 
testing will determine whether latex is beneficial 
and should be considered further during the CSS 
formulation development. 

2. Dissolution Test of Saltcrete in Water: This test consists of 
dissolving a known mass of waste feed sample in excess water 
and determining the specific gravity and TDS of the solution. 
The dry weight of the undissolved portion of the sample will 
also be determined. The undissolved portion of the sample 
will be analyzed for specific gravity of the discrete 
particles. 

Another test will consist of dissolving the sample in a small 
amount of water to make a saturated solution and the TDS and 
specific gravity of the supernatant determined after 
filtration. 
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Both these tests will be performed at room temperature and 
repeated at 100°F. 

3 ,  Viscosities and Densities of Samples at Different Percent 
Solids: Mixtures of the waste feed samples with water will be 
prepared at different total solids concentrations (from 5% to 
6 0 % ) .  The viscosities and specific gravities will be 
determined for each of the samples. The viscosities of the 
supernatant, up to the saturated point, will also be 
determined. The experiment will be conducted at room 
temperature and at 100°F to reflect the expected temperature 
rise from grinding. 

4 .  Settling Tests: Settling tests will be conducted on waste 
feed samples ground to -10 mesh to determine settling rates 
and terminal densities. These tests will use a saturated 
solution for the liquid phase and be conducted at different 
percent solids and temperatures. 

5 .  Rheology Evaluation of Slurries: Viscosity will be measured 
over a range of solids (5 to 50 percent) with and without 
trash included in the slurry. This testing will be conducted 
in a saturated solution. Trash is defined as the pallet, 
plastic sheeting, and steel band. The component Itsteel bandtt 
includes: iron straps, nails, and iron ball shavings from the 
grinding operation. The trash makes up approximately 8% of 
the total weight of the billet on a wet weight. When using 
dry weights, 15% of the billet is considered to be trash. 
Specific gravities of the slurries will also be measured. 

6 .  Saturation TDS Versus Temperature: The degree of salt 
dissolution versus temperature will be determined by 
collecting samples of the supernatant at different 
temperatures (i.e., 50°F,  room temperature, and 10OoF). 

Samples will be analyzed for TDS and specific gravity. 
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Saltcrete Phase IB 

This portion of Phase I will consist of evaluating dewatering 
processes and conducting’a trash study. The dewatering study will 
evaluate the selected process option which is believed to be the 
most practical to achieve the target percent solids as determined 
in the waste loading study. The trash study will evaluate various 
loadings of trash to determine if there is any impact from 
different loadings. 

1. Dewatering Studies: This testing will evaluate various 
dewatering processes which are capable of achieving the 
appropriate percent solids of the waste feed, determined in 
the waste loading study. Vendors will be solicited to conduct 
the dewatering tests. The dewatering testing will include 
the appropriate quantities of trash. Further details on these 
tests will be determined at the completion of the waste 
loading test. 

2. Trash Study: This study will evaluate trash addition with 
regards to physical parameters and chemical parameters. 
Testing will be conducted of the TDS concentration determined 
in the waste loading study. Trash added at 2, 5, 7 . 5 ,  10, 

12.5, 15, 20, 50, 75, and 100 percent of the waste feed 
loading. The objective of this test is to generate data to 
eliminate trash as a future variable for the CSS formulation 
development. 

a. Physical testing: Trash will be blended with the 
triwalls, half crates, and the triwalls in the metal 
containers. Testing of the waste feed will consist of 
the following: 

0 Percent Solids 
e Percent TDS 
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0 Bulk Density 
0 Viscosities 
0 . Specific Gravities 
0 Karl Fisher 

b. CSS Testing: CSS testing of the product slurry will be 
conducted to determine the effect of trash on TCLP 
criteria and on the stability of the solidified product. 

. The CSS testing will be conducted at three waste 
loadings; one will be the selected waste loading from the 
initial waste loading study and the other two will 
bracket either side of the selected loading (e.g., 40, 
50, and 60 percent solids). The water-to-pozzolan ratio 
will be at 0.42. The product slurry will be placed in 
plastic cylinders to be cured using the 48-hour 
accelerated cure method followed by UCS, TCLP metal 
analysis, accelerated durability testing, and visual 
observation for free liquids. 

BALTCRETE PHA8E I1 - CSS FORMmClATION DEVELOPMENT 

This Phase will be conducted using triwalls, triwalls in metal 
containers, and half crates. These studies will be conducted at 
the selected waste loading using water-to-pozzolan ratios of 0.34, 
0.42, and 0.50 for the triwalls in metal containers. The half 
crates and triwalls will be evaluated using higher water-to- 
pozzolan ratios because treatment of the chemical constituents is 
not required (neither population exceeded any LDR standards). 
Using a higher water-to-pozzolan ratio will reduce the volume of 
the output. A water-to-pozzolan ratio of 1.0 will be evaluated to 
determine if a stable waste can be produced. Testing for triwalls 
and half crates will also include accelerated durability to 
determine the effect of using higher water-to-pozzolan ratios on 
long-term durability. The CSS formula will consist of Type V 
cement, Type C flyash, and hydrated lime at a ratio of 
1.0/2.0/0.075. Latex will be evaluated if it was determined to be 
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.warranted in the Phase I waste loading study. The testing for 
triwalls in metal containers will determine the need for additives 
to improve the characteristics of the solidified product so that it 
will pass the TCLP testing criteria. 

The first set of tests will be cured for 48 hours and then 
submitted for TCLP metal analysis. Depending on the results of 
these test, further testing may be required to evaluate various 
additives to reduce the leachability of the metal constituents. If 
the TCLP results pass the LDR criteria, then this Phase will be 
complete. 

NOTE: Testing in this phase will be dependent on the results of 
the waste loading study. Upon completion of the waste 
loading study, additional information will be available 
to thoroughly scope the CSS formulation development. 

BALTCRETE PHASE I11 - REGULATORY TESTING PEASE 
This Phase will test the CSS formulation to determine if the 
product will pass all regulatory criteria over the proposed 
operating range. The proposed operating range for metal containers 
will be at a water-to-pozzolan ratio of 0 . 3 4  to 0.50 with 0.42 

being the center point. The operating range for triwalls and half 
crates will be determined in Phase 11. These water-to-pozzolan 
ratios will be tested at +/-lo percentage points around the 
selected waste loading. The test cylinders, produced from the 
product slurry, will be cured for 7 days and 28 days. After 7 days 
the cylinders will be tested for TCLP metals and UCS. After 
28  days the cylinders will be tested for TCLP metals, UCS, paint 
filter liquids, liquids/solids, and durability testing. 

Several additional tests will also be conducted during this Phase 
of the work. A factorial experiment will be conducted which varies 
the ratio of pozzolans so that the cement to flyash to lime can be 
varied from 1/2/0.075 during remediation. Another factorial 
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experiment will be conducted for superplasticizer addition. Curing 
..-. the test cylinders at different temperatures will also be 

i \  evaluated.. Cylinders from each of these three tests will be tested 
for all of the pertinent regulatory criteria. 
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APPENDIX I 

DIBPOSAL OF LABORATORY WASTES 

0 MEMORANDUM "WASTEWATER DIBPOSAL" 
PAUL FRANK TO DON FERRIER 

AP-017 "PACKAGING AND BHIPMENT 
OF SOLAR POND PROJECT SAMPLES 
FOR RETURN TO ROCKY FLATB" 



Decunber13.1991 . 

Mr..Dm Fenia 
€O&G Rocky €UU 

s u m .  W*trw$UuDisposal 

En rirtitittiwiai 1.oborarones 
TWO MARQUIS OFFICE P L A U .  SUITE ZOU 

5313 CAMPSELLS RUN ROAD 
PITTSBURGH, PENNSYLVANIA I5zOS 

(412) :a?-2380 FAX 1412) 7474344 

Accar<tingly, HNUS WouId like to prvpose n mon cost-effective and risk-nvme dtmdve Co-the muun 
to Rodry Flata af this water, estimated to exceed 50 @om per day over the 180 days af the freatab8ity 
phast. This alternative wotdd dischargs to be sauitary sewer d y  that matewater meeting EPA Driairing 
Water S t a m -  Any w~stewuer not meeting those standards wouid be seqtienrhily -sed with 
paniculate filmtion. mixed-bed ion wrchylge, and chamml fittntion to remove p;uticultcs. saluble &am 
and anions. and any residual organic cooiamhsnts. The process medk Le.. the particuhle and charcoal 
fitters and 1x resins. WOW be appqniatefy packzgcd aad-rrrurned tu EGW. 

The processed wastewater would be maiyzccl for .gross dpha and gross beto activities. If these anaiyses 
indicate (hat the pmcused wasttwatcr complica with the EPA's Drinking Wata Standard (S pCi cr/L. SO 
pci B/L), it would be discharged to ha sanitary sewer system. consistent with the HNUS license &om 
IWC. FWccsscd waste W ~ L Q  tbat does not this standvd wuuld be prchgccf and rctumed to EG&G. 

W e  hope you will fmd this pmpossll acceptable, axid would apprdate bearing from you as soon aa 
pwaiblC 

Copies: Ted Bitvler John Schmidt 
Mort Goldman s o m e  simtilljc 
Dave Kohl Dave Yessa 
Rich Ninstt t i  

technologies and senlicesfor a cleaner and safer world 
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PACKAGING AND SHIPMENT OF SOLAR POND PROJECT SAMPLES 
FOR 8ETURN TO ROCKY FLATS 

1 . 0  PURPOSE 

This procedure establishes requirements for the packaging of solar 
pond project samples and their return to the Rocky Flats Plant. The 
procedure is specific for the solar pond project, and cannot be 
used for other projects without appropriate modifications. 

2.0 DEFINITIONS 

2.1 Matrices: The following are considered separate matrices for 
the purposes of this procedure: 

0 207A  pond sludge 0 pondcre t e 
0 207B pond sludge 0 sal tcret e 
0 2 0 7 C  pond sludge 0 clarifier sludge 
0 solidified material from treatability studies 

2.2 Used as an abbreviation for radioactive materials. 

2.3 mr Used a s  an abbreviation for the Halliburton NUS 
Environmental Corporation Laboratory Services Group. 

3 .C  RESPONSIBILITIES 

3 . 1  LSG RAM Coordinator 

0 Select carrier and make arrangements for each shipment. 

0 Contact EG&G Rocky Flats to arrange for receipt of each 
s h i pmen t . 

0 Pack drums for shipment. Alternatively, train other L S G  
personnel in this procedure and supervise packing of the 
drums - 

Lab Manager Date Rad Safety Off. Date QA Manager Date 
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0 Prepare the following documents for. each shipment: 

- LSG ,radioactive material shipment record 

- LSG solar pond project packing slip (Figure 9 )  - 
- LSG chain of custody record (Figure 1 0 )  

(Figure 8 )  

0 Supervise loading of the trailer bed for each shipment. 

0 Placard the truck for each shipment. 

0 Follow-up with EG&G Rocky Flats,Inc. contact to obtain 
return receipt. 

3.2 LSG Quality Assurance Inspector 

0 Inspect each drum prepared for shipment. Apply chain of 
custody seal(s1 to the drum following successful 
inspection. 

0 Inspect the trailer bed following loading. Apply chain of 
custody seal to the trailer door following successful 
inspection. 

0 Document inspections on the inspecticn checklist. (Figure 
7 )  

4 . 0  PROCEDURE 

Solid and semisolid sample residuals are placed into paint cans or  
plastic pails- These are placed into large, steel drums. Liquid 
samples, received from the Rocky Flats Plant in poly drum are 
returned directly to the poly drum f o r  return to the Rocky Flats 
Plant. 

4.1 gackinq Samples in 1-Gallon Paint Cans 

4.1.1 Place glass jars containing raw sample  into 
individual, sealable plastic bags. 

4 - 1 . 2  Place the jars into the bottom of the 1-gallon 
paint can, packing them as tightly as possible. 

Note: Place jars from only one matrix into each 
can. 

4 . 1 - 3  Pour vermiculite into the can to f i l l  the spaces 
between the bags and to cover the bags. 
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4 - 1 . 4  Place a second layer of jars in plastic bags into 
the can and cover with vermiculite. Repeat this 
until the, can i s  f u l l .  Top off the can with 
vermiculite. 

4 . 1 . 5  Close the paint can lid securely. Label the can 
with the matrix and a radioactive materials label. 

4 . 2  Packinq Samples in 5-Gallon Plastic Pails 

4 . 2 . 1  Place solidified materials from treatability 
studies into pails, filling each as full as 
poss i b 1 e. 

4 - 2 . 2  Close the lid securely. Label the pail with the 
matrix and a radioactive materials sticker. 

4 . 2 . 3  Place each pail into a garbage bag, twist and tape 
the bag to close- (This is done to keep the 
vermiculite from adhering to the pail.) 

4 . 3  Packina Steel Drums 

4.3.1 Verify that the steel drum is labeled with a bar 
code (prepared by EG&G Rocky Flats) and is 
stenciled with "EG&G Rocky Flats, Rocky Flats 
Plant, Rocky Flats, Colorado" as shown in Figure 1. 

4 . 3 . 1  Place t w o  drum liners into the drum. 

4 . 3 . 2  Spread 2 - 3 inches of vermiculite across the 
bottom of the drum. 

4.3.3 Place a layer of 1-gallon paint cans or one 5- 
gallon plastic pail on the bottom of the drum. 

Note: Do not mix matrices in the drum. 

4.3.4 Pour 2 - 3 inches o f  vermiculite over this layer to 
f i l l  the voids around the cans/pail. 

4.3.5 Place a cardboard circle over the layer, and pour 2 
- 3 inches of vermiculite over the circle. 

4.3.6 Repeat 4.3.3 through 4.3.5 until the drum is full. 
Top off the drum with several inches of 
vermicu 1 i t e. 

4 . 3 . 7  Twist and tape, then fold and tape, the inner drum 
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liner. Repeat with the outer drum liner. 

4 . 3 . 8  Place the.drum iid with gasket over the top of the 
drum. 

4 . 3 . 9  Place the lock ring around the top of the drum, 
positioned such that the locking bolt is at a 90" 
angle to the right of the drum seam. (See Figure 
1.) 

4 . 3 . 1 0  Torque the bolt to 4 5  2 5 ft. lbs. 

4 . 3 . 1 1  Label the drum with the following, positioned as 
shown on Figure 1 .  

0 Address label with laboratory name and 
address, and EG&G Rocky Flats and Rocky Flats 
plant address (Figure 2) 

0 "USA DOT-7A Type A Radioactive Material" label 
(Figure 3 )  

0 "Radioactive LSA,  N.0.S U N 2 9 1 2  ( P u - 2 3 9 1 "  label 
(Figure 4 )  

0 Up-arrows label (Figure 5 )  

0 Label showing contents (i-e., sample matrix) 
of drum (Figure 6 )  

4 . 3 . 1 2  Perform a smear survey and a radiation survey of 
eacn drum as described in LSG Procedure RS-8. 

4 . 3 . 1 3  Weigh the drum and record the weight on ' the drum 
(Figure 6 label) and on the radiation survey 
record. 

4 . 4  - Inspectinq Steel D r u m s  

Prior to shipment, a member o f  the LSG quality assurance 
department will inspect each steel d r u m  for t h e  following. 

0 Proger identification on the drum 

0 Proper labeling on the drum 

0 Weight plainly marked on the drum 
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0 Each bung hole tightened 

0 Locking ri,ng at 90' angle to right of seam 

0 Bolt torqued to 4 5  & 5 ft. lbs. 

The inspection is documented on a checklist (Figure 7 )  and the 
drums dispositioned as follows. 

0 If the drum conforms to this procedure, custody 
seals are initialed and dated by the inspector, and 
placed over each bung hole and the locking bolt, 
such that they will break if a bung hole or the 
locking bolt are loosened. 

0 If the drum does not conform to this procedure, the 
nonconforming condition is documented on the 
inspection checklist and brought to the attention 
of the RAM Coordinator for correction. Upon 
correction, the drum is re-inspected. 

4 . 5  Packinq Poly Drums 

4.5.1 Fill poly drums with liquid sample of one matrix. 

4 - 5 . 2  Close and tighten the bung hole. 

4 . 5 . 3  Label the drum with the drum identification number. 

This will be assigned by LSG if EG&G has not 
provided a unique bar code identifier for the drum, 
as follows: 

Where: XXXXXX is the month, date, year of the 
shipme.nt and YY is a consecutiveiy assigned nurriber 
starting with 01. 

4 . 5 . 4  Perform a smear survey and a radiation survey of 
each drum as described in L S G  Procedure RS-8.  

4.5.5 Weigh the drum and record the weight on the 
radiation survey recDrd and drum label (Figure 6 ) .  

4 . 6  Inspectinq P o l y  Drums 
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Prior to shipment, a member of the LSG quality assurance 
department will inspect each poly drum for the following. 

0 Proper identification on the drum 

0 .  Proper labeling on the drum 

0 Weight plainly marked on the drum 

0 Each bung hole tightened 

The inspection is documented on a checklist (Figure 7 )  and the 
drums dispositioned as follows. 

0 If a drum conforms t o  this procedure, custody seals 
are initialed and dated by the inspector, and 
placed over each bung hole such that they will 
break if the bucg hole is loosened. 

0 If the drum does not conform to this procedure, the 
nonconforming condition is documented on the 
inspection checklist and brought to the attention 
of the RAM Coordinator for correction. Upon 
correction, the drum is re-inspected. 

. 4 . 7  Selectinq a Carrier 

T h e  RAM Coordinator selects the carrier for each shipment. The 
carrier must meet the following criteria: 

0 Certified interstate commerce commission motor common 
carrier. 

0 EPA-licensed transporter authorized to transport 
radioactive waste, having an EPA identification number 
maintained on file by L S G .  

0 Agree to provide sole use transportation to LSG for the 
s h i pmen t . 

Note: Roadway Express, Inc-will not be used as a carrier 
based on their lack of cooperation regarding 
inquiries into a September 1992 shipment. 

4 . 8  Loadinq the Tractor Trailer 

4.8.1 Prepare the following shipping documents to 
accompany the shipment. (See also section 5 . )  
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0 LSG radioactive materials shipment record 

0 Solar pond project packing slip 

0 LSG chain of custody record 

4 . 8 . 2  Place the drums onto wooden pallets according to 
the rules below. Band the drums together with steel 
bands. 

0 All drums on a pallet niust be of same material 
(i-e., all steel or all poly). 

0 All drums on a palfet must ail be of the same 
dimension ( e - g - ,  55-gallon). 

0 All drums on a pallet must be filled or all 
drums must be empty. 

4 . 8 . 3  On the day of shipment, prior to loading the 
pallets onto the trailer bed, a member of the LSG 
quality assurance department will inspect each 
pallet in the shipment for the following. 

0 Drums o f  same dimension, material, and all 
either filled or empty 

0 B.anding tight 

0 Custcdy seals on each bung hole of each drum, 
and on locking bolt of each steel drum 

4 . 8 . 4  When the truck arrives and following QAD inspection 
of the pallets, load pallets into the trailer bed. 
Distribute the load evenly and t o  prevent the 
pallets from shifting side-to-side under normal 
conditions. 

When a l l  o f  the pallets are loaded, brace t h e  rear 
of the load so as to prevent tne pallets from 
shifting front-to-back under normal conditions. 

4.3.5 Documefit the following information on the carrier's 
bill of lading: 

0 " T o "  and "From-' addresses 

0 Reference to "Instructions to Carrier" 
(Figure 111 and to additional instructions, if 
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any, on the chain of custody record. 

0 Geneqal description of the shipment (same as 
description on the chain of custody record) 

0 Proper DOT shipping name (same as chain of 
custody record) 

4 . 8 . 6  Send the following documents to the EG&G Rocky 
Flats contact named as the recipient o f  the 
shipment : 

- LSG radioactjve materia 1 shipment record 

- LSG solar pond project packing slip (Figure 9 )  
- LSG chain of custody record (Figure 1Oi 
- Bill of lading 

(Figure 8 )  

4 . 9  Inspectina the Trailer 

4.9.1 After the pallets have been loaded onto the trailer 
bed, a member of the LSG quality assurance 
department will inspect the loading of the trailer 
and talk with the driver to determine the 
following- 

0 Load braced 

0 Trailer placarding correct 

0 Driver has a copy of the following documents: 

- Bill of lading 
- L S G  shipment packing List 
- L S G  radioactive material shipment record 
- L S G  chain of custody record, signed by 

L S G  representative relinquishing custody 
and by the driver accepting custody. 

0 Driver understands incident reporting and 
emergency contact procedures 

0 Driver understands chain of custody procedures 

4 . 3 . 2  When the shipment is determined to be conforming, 
the driver closes and locks the trailer door. The 
inspector then initials and dates, and applies a 
uniquely numbered custody seal such that i t  will be 
broken i f  the trailer door is opened. The inspector 
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records the custody seal number on the shipment 
chain of custody record. 

5 . 0  RECORDS 

5.1 LSG Radioactive Material Shipment Record 

The LSG Radioactive Material Shipment Record (Figure 8 )  is 
completed by the LSG RAM Coordinator in accordance with LSG 
Procedure RS-8. The record includes the following. 

0 "To" and "From" addresses 

0 Date of shipment 

0 Carrier 

0 Special instructions (which may reference special 
instructions on the chain of custody record) 

0 Description of shipment 

0 Radionuclides, physical and chemical form, and 
activity in Ci, mCi, or uCi Pu-239. 

0 Results of radiation and smear surveys of each drum 

0 Labeling requirements 

0 Certification that the shipment is properly 
classified, described, packaged, marked, and 
labeled, and is in proper condition for 
transportation according to applicable DOT 
regu lat ions 

5 . 2  LSG Solar Pond Project Packinq Slip 

The L S G  Solar Pond Project Packing Slip (Figure 9 )  is 
completed by the L S G  RAM Coordinator. The record includes the 
following. 

0 "To" and "From" addresses 

0 Gross weight of the shipment 

0 Categories label (specify "none" i f  none apply) 

0 Transportation index (specify .'none" if none apply) 
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0 The following f o r  each drum: 
# 

- unique drum identification 
- composition of the drum (poly or steel) 
- description of the contents (i.e.8 the matrix) 
- EG&G IDC code 
- pallet number 

0 Physical description of any other RAM being shipped 
(e.g.8 analytical equipment with internal 
contamination) 

0 Signature of the RAM Coordinator 

5.3 LSG Chain of Custody Record 

The LSG Chain of Custody Record (Figure 10) is completed by 
the LSG RAM Coordinator. The record includes the following. 

0 General description of the material in the shipment 
(e.g., unused sample, empty drums) and the total 
number of drums 

0 Gross weight of the shipment 

0 Proper DOT shipping name, hazard class, and 
identification number: Radioactive Material Low 
Specific Activity (LSA), N.O.S.,  UN2912 (Pu-239) 

0 Space for relinquishing and accepting custody of 
the shipment 

0 Custody seal Pumber of the seal on the trailer door 

0 Special instructions to the driver and recipient. 
Specific reference to and a copy of the 
Instructions to Carrier (Figure 1 1 )  is acceptable 
for the driver's instructions. 

5 . 4  LSG Ouality Assurance Inspection Checklist 

The LSG Quality Assurance Inspection Checklist (Figure 7 )  is 
completed by- the Quality Assurance inspector as the inspect ion 
is performed. 

5.5 Bill of Lading 

The carrier's Bill of Lading is expected to vary somewhat from 
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carrier to carrier. At a minimum, the RAM Coordinator must 
document the following on the Bill of Lading: 

0 -To" and "From" addresses 

0 Reference to "Instructions to Carrier" (Figure 1 1 )  
and to additional instructions, if any, on the 
chain of custody record. 

0 General description of the shipment (same as 
description on the chain of custody record) 

0 Proper DOT shipping. name (same as chain of custody 
record! 

5 . 6  RecGrds Retained 

LSG retains the following records from each shipment in accordance 
with the LSG radiation safety procedures. 

0 Carrier's bill of lading 

0 LSG chain of custody record 

0 LSG radioactive material shipment record 

0 LSG solar pond project packing list 

0 Survey records from the radiation and smear surveys 

0 Quality assurance inspection checklists 

6 . 0  APPPJZATUS 

6.1 Steel and poly drums: Provided by EG&G Rocky Flats, Inc. 

Note: Steel drums must be labeled by EG&G with a 
unique bar code identifier and be stenciled 
with the company name. Return steel drums not 
labeled in this manner unused t o  EG&G R o c k y  
Flats. 

Steel drums mustsbe supplied with a gasket and 
lid, locking ring, and appropriate nuts and 
bolts. 

6.2 Drum Liners: 8 mil or heavier. Obtained from EG&G Rocky  
Flats, Inc. or purchased commercially. 
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6 .3  Vermiculite. 

6 .4  Toraue wrench: sapable of supplying at least 50  ft. lbs. 
torque. 

6 . 5  Socket wrench. 

6.6  Paint cans: l-Gallon capacity, with lid. 

6.8 Plastic baqs: Sealable. 

6 . 9  Labels: See Figures 2 - 6 .  

6.10 Custody seals: With provision f o r  initials and date. 
Custody seals used f o r  the trailer door must be uniquely 
numbered. 



Section No.: AP-0 17 
0 Revision No.: 

EffectiveDate: 11/15/92 
Page: 13 

Figure 1 
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HALLIBURTON NUS 
5350 CAMPBELLS RUN RD. 
PITTSBURGH, PA 15205 

EC&G ROCKY FLATS, TNC. 
ROCKY FLATS PLANT 

P.Q. BOX 464 
GOLDEN, CO 80482-0444 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 

ID # 
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SOLAR POW0 PROJECT 
QA INSPECTION OF PALLETS AND TRAILER LOADING 

Reference: LSC Procedure AP-017. Sectlon 4 . 0  

Figure 7 

Date: 
Carrler: 
Traller Number: 

y/n 

Or- reoregated on mllets br construction (steel/polyl: 
Drums seqrcgated on pall~ts by sizes 
Drums rcqrcgated on paitetr by content (full/tmpty): - 

" Load braced. 
Traller Placarded I.A.W. 49 CFR 1 7 2 . 5 0 4 ,  1 7 2 . 5 5 6 :  

Drlver has bill of Iadlnq: 
Dr iver  has packlnq llct: 
Drlver has radloaCtlVt material shlpment record: 
Driver has rlgned chain of custody record: 

Driver understands emergency procedures (incldent reporting): - 
Drlver understands sole cse status:  
Drlver understands chain of custody procedures: 

Drau I diagram of hou the traller was loaded on the back o f  thls 
form. 

- SOLAR POND PROJECT 
@A INSPECTION OF DRUHS PREPARED FOR SHIPKENT 

Reference: LSC Procedure AP-017.  Sectlon 4.0 

Inspected BY: 
DAte: 

11 /92  

Inspected 81 
Date 

1 1 / 9 2  
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Figure 8 

RADIOACTIVE MATERIAL StUPMCNT PGCORD 

DATE: PROMI 

CARRIER: 

conyIe.vTs: 

SHIPPER: 

TELEPHONE NO. 

WpME"T DfSCRIPTION 

Phyricd Form: - soli4 - Liguid __ Car 

- Normal - SQn1.l - InrtrumentlArtitle Form: 

Chernlcal Form: 

Shipment Category: __ N o n r ~ d w c c t l v e  __ L i m i t e d  Quantiry. 
(less 1h.n 0.002 mlcmcurlu/p.m) 
LSA 

Inrirumen; or A n i c l e  - Type.A - 
Radloacllvc Matcrld Dercrlption: 

Package Dercrlptlon: - Strong. Ticht - f irent ia l ly  Type A __ T y v  A 

Pkckage Cross Wei@t: - Package Cross Volume: __ 

CONTEN WOWTORING mr.a 

LAIELING 

None required. l imi ted que:.tities. instruments or art icles 

Redioactlve While I 

Radlosctive Yellow I I  

Radioactive Yellow 111 

CERTIPICATION 

This i s  to cer t i fy  that the  rbwe  named materisls are properly classified. packaged, r;z.-ked. and I r x l e d  and arc i n  
proper ~ o n d i t i o n  for 1ra ; l r~o ; :a l lon  according 10 the applicable r e p l a l i o n s  0: the De3a::cenl 0:  Tr.nr?-¶::at&on. 

This shipment Is within ;he l imitat ions prescribed lor pasrengerlcergo-only a i r c r a f t  (delete non-a?pllcable). 

l hi^ pac&qe IC the conditions and l imi ts l ions spcci l ied in: 

- 
- 
~ 

4 9  c f R  1 1 3 . 4 2 1  for ercepled radioactlve material. l i m i t e d  quanti:y. n.O.l. US2910: 

( 9  CfR 17J.422 for  excepted radioactive material. instruments and art icle+. UN2911. I 

( 9  C f R  173.42< for excepted r d i o a c t l v e  material.  ar l lc ler  manufactured I r o n  n a t u r a l  or depleted 

uranium or natural 1t.orium. UN2909. 

DATE: SIGNED BY, 

(far rhlnncrl  
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Figure 9 

# Page - of - 
HALLIBURTON NUS ENVIRONMENTAL CORPORATION 

SOLAR POND PROJECT PACKING LIST 

Ship To: 

EG&G Rocky Flats. Iqc- 
Rocky Flats Plant 
Rocky Flats, Cclorado 80403 
Attention: 

From: 

HALLIBURTON NUS Environmental Corporation 
Laboratory Services Group 
5350 Campbells Run Road 
Pittsburgh, Pennsylvania 15205 
Contact: 
Phone Number: 

Gross Shipment Weight: 

Categories Label: 

Transportation Index: 

P a l  let 
# 

Drum 
# 

Steel/ 
Poly 

Contents I DC 
Code 

-- 

Other Material: 

R e l e a s e d  for  S h i p m e n t  b y :  

T i t l e :  

Date: 
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Figure 10 
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' INSTRUCTIONS TO CARRIER 

ROCKY FLATS, COLORAM) 
FOR SHIPMENT OF MATERIALS TO THE ROCKY FLATS PIANT 

Prepared by WLIBURTON NUS Envlronlpantal Corporatlon -- Nov. 1992 
1 .  Dellvery to the Rocky Flats Plant 

o Deliver thls sblpraent to the Rocky Flats Plant Honday 
through Frlday during normal business hours only. 

o Notify the EG&G contact, Identified as the consignee on 
the chain of custody record ... 3 hours prior to arrival at 
the plant. . .  . .  

2. Reporting Incidents 
Report any of the follwlng incidents involving thio shipment 
to the Department of Transportstlon (DOT) as required under 
the provlslons of 49 CFR 1 7 1 . 1 5 .  

o A person is kllled. 
o Aperson recelves injury requlrlng hospltallzation. 
o Estimated carrier or other property damage exceeds 

$50,000.  
o Fire, breakage. spillage. or suspected radioactive 

contamination occurs involving the radioxtive 
materials in thls shlpment. 

Notify the DOT at the earllest practicable moment at: 

1-800-424-8802 

Provide the follouing information: 
o Your name. 
o Name and address of the carrier. 
o Phone number where you can be reached. 
o Date. time, and location of the incident. 
o The extent of injuries. if any. 
o Classification. name, and quantity of hazardous 

material involved. 
o Type of incident and nature of hazardous material 

involvement, and whether a continuing danger to 
life exists at the scene. 

3eport the same information to HALLIBURTON NUS Lab Services 
Group at: 

1-800-228-6870 (buslness hours) 

1-800-255-3924 (24-hour emergency number) 
or 

In addition. report any incidents not usually encountered, 
such as inspection of the shipment by the DOT or equivalent 
state or local agency. to HALLIBURTON NUS Lab Services Group. 

3 .  Sole Use Status 

This vehlcle Is  assigned for sole use of HALLI8URTON NUS 
Laboratory Servlces Group under provislons of 49 CFR 
173.4ZS(bI The load is not to be adjusted. transferred to 
another venicle, tampered uith. or broken. 

I f ,  t o r  any reason, the custody seal on the traller 1s broken 
prior t o  delivery to the consignee, the occurrence must be 
documented on the chain of custody record, to include an 
explanat~on of the occurrence. slgnature, date. and time. A 
neu seal must be attached to the traller door, and the new 
seal number documented on the chain of  custody record 


